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BBC Micro Computer System 


BBC MASTER SERIES: 

AMB15 BBC MASTER 128K.. £375 
ADCOG Turbo (65C102) Card. £92 
ADCOB 512 Processor 

ADF14 Rom Cartridge . 

ADF1O Econet Card 

ADJ22 Ref. Manual I : 
ADJ23 Ref. Manual Part Il . . 
ADJ24 Adv Ref Manual 


BBC ARCHIMEDES 
Please enquire about availability and 
details of the system. 


UPGRADE KITS: 


WORD PROCESSOR ROMs: 

VIEW 2.1... £35 id) VIEW 3.0 .. £48 ic) 

Spellmaster. £49 (d) VIEW INDEX £12 (d) 

WORDWISE £24 (d) WORDWISE+ £38 (d) 
SPELLCHECK IH 

£31 (dl 

£43 (a) 


WYSIWIG+ £21 (d) 
INTERWORD £46 (d) 


LANGUAGE ROMS: 

Micro Prolog £62 (c) 

ISO PASCAL £51 (c) 
£46 (ci 
£39 (d) 


EDWORD |l 


Microtext ... £52 (c) 
LOGOTRON . £55 (c) 
MACROM £33 (d! 
COMAL .... £43 (d) 
Oxford Pascal £36 (c) 


COMMUNICATIONS ROMS: 
(d) TERMULATOR 
BASIC II ROM (BBC B) .... : td) MASTER TERMULATOR 
ADFS ROM (d) COMMUNICATOR 
(d) COMMSTAR II 
(d) MODEM MASTER 
COMMAND 


UTILITY ROMs: 

DOTPRINT PLUS for FX/RX compatibles 
DOTPRINT DUAL for MX range 

Acorn Graphics Extension Rom ... £28 (d) 
Merlin with 57 disc utility commands 


100 page manual £37.50 (c) 
Ask for full details on our full range of software 


MULTIFORM Z80 2nd Processor for the BBC 


This unique Z80 2nd Processor running OS/M will allow use of almost any standard CP/M soft- 
ware on the BBC micro. It is supplied with a number of different CP/M formats and includes a 
utility to configure it to read other formats. This is particularly useful in environments where com- 
puters with different CP/M formats are used and the data cannot be easily exchanged between 
them. Mains powered (includes Pocket Wordstar & MS/DOS R/W utility) 
MS/DOS Read/Write Utility 


META Version 3 ASSEMBLER 


Assembles 17 of the popular processors. Over JOK long program on two roms and a disc and 
provides complete Editing and Assembly facilities. It uses appropriate mnemonics for different 
processors. Fully nestable macros, nestable conditional assembly (IF/ELSE/ENDIF), modular 
source code, true local and globai labels, 32 bit labels and arithmetic. 30 ways to send object 
code and 50 directives. 

A powerful editor with many features. Send for detailed leaflet. 


BBC DISC DRIVES 


PS400 with psu 


£25 (di 
£34.75 (d) 


ACORN ADD-ON PRODUCTS: 

Torch ZEP 100 (a) 
512 2nd Processor (b) 
IEEE Interface (b) 
Teletext Adapter (b) 
Acom 865CO02 Turbo (b) 


£49 (c) 


£145 (b) 


5.25'' Single Drive: 

1 x 400K 40/80T DS: TS400 
5.25” Dual Drive: 

2 x 400K 40/80T DS: TD800....£185 (a) PD80O with psu 

2 x 400K 40/80T DS with psu and built in monitor stand PDBOOP 
3.5” Drives: 

1 x 400K 80T DS TS35 1 £75 (b) PS35 1 with psu 

1 x 400K 80T DS with psu TD35 2 £135 (b) PD35 2 with psu 


3M FLOPPY DISCS 
Industry standard floppy discs with a life time guarantee. Discs in packs of 10: 
5% DISCS 3% DISCS 
40T SS DD £8.50 (d) 40T DS DD £10.50 (d) 
BOT SS DD£11.50 (d) 80T DS DD.£13.25 (d) 80T DS DD £19.50 (d) 


DISC ACCESSORIES 


£6 (d) Dual Disc Cable 
10 Disc Library Case £1.80 (c) 30 Disc Storage Box £6 (c) 
40 Disc Lockable Box £8.50 (c) 100 Disc Lockable Box £13 (c) 
Floppiclene Drivehead Cleaning Kit with 20 disposable cleaning kits 54'” £14.50 (d); 32” £16 (d) 


BT APPROVED MODEMS 
MIRACLE TECHNOLOGY WS Range 


... £105 {b} £115 ib) 


£209 (a) 
£229 (a) 


£99 (b) 
£169 ib) 


Single Disc Cable £8.50 (d) 


£249 ib) | 


80T SS DD £15.00 (d)| 


WS4000 V21/23. 
(Hayes Compatible, 
Auto Answer) 
WS3000 V21/23 Professional 

As WS4000 and with BELL standards and 
battery back up for memory .... £244 (b) 
WS3000 V22 Professional 

As WS3000 V21/23 but with 1200 baud full 
duplex £409 (a) 
WS3000 V22 bis Professional 

As V22 and 2400 baud full duplex £537 (a) 
WS3000/BBC Data Lead 


SPECIAL OFFER 


EPROMs/RAMS 
2764-25 £2.80 (d) 
27128-25 £3.60 (d) 
21256 .......£5.00 (d) 
2/512 . £9.90 (d) 
6264LP-15 ....£2.60 (d) 


Auto Dial/ 
£135 ib) 


Intelligent, 


WS2000 V21/V23 
Manual Modem 

WS 2000 Auto Dial Card 
WS 2000 Auto Answer 
WS 2000 SK1 Kit 

WS 2000 User Port Lead 


(Offer limited to current stocks) 


PROJECTS: 


Junior Computer Kit 

Housekeeper kit 

Elekterminal Kit (1980) ...£50 ( 
ASCII Keyboard kit 

J C Books 1, 2, 3, & 4£6.90 (c) ea 
Universal Terminal (6502) Kit £75 (b) 
Elekterminal Kit (1983)... £70 (b) 


PRINTERS 


£189 (a) 
£329 (a) 


LQ800 (80 col) 
LQ1000 (136 col) 


TAXAN KP815 (80 col) ... £269 (a) 


KP915 (156 col) 
BROTHER HR20 
STAR NL 10O (Parallel l/face) . . . £190 ia) 
STAR NL10 (Serial Interface) . £219 {a} 
JUKI 6100 (Daisy Wheel] .... £295 (a) 
INTEGREX (Colour) £549 (a) 
NAT PANASONIC KX P 1081. £149 {a} 
NAT PANASONIC KX P 3131. £249 {a} 


£369 (a) 
£349 (a) 


We hold in stock a large variety of printer attachments, interfaces and consumables. . 


Please write or phone for detaits. 


ACCESSORIES 


BUFFALO 32K Buffer for Epson printers £75 (d); FX80 plus sheet feeder £129 (b); 
EPSON Serial Interface: 8143 £30 (b); 8148 with 2K buffer £65 (b). 


EPSON Paper Roll Holder £17 (b); FX80/80 4 185 Tractor Attach £37 (b); RX/FX80 
Dust Cover £4.50 (d); LX80 Tractor Unit £20 ic); LQ800 Tractor Feed £47 ib). 


EPSON Ribbons: MX/RX/FX80 £5; MX/RX/FX100 £10 (d); LX80 £4.50 (d; 


JUKI: Serial Interface £65 (d); Tractor Attach. £149 (al; Sheet Feeder £219 ix 
Ribbon £2.50 ta): Spare Daisy Wheel £14 (d). 


BROTHER HR20: Sheet Feed £229; Ribbons - Carbon or Nylon £3; Tractor Feed 
£116 tal: 2000 Sheets Fanfold with extra fine perf. 9.5'' - £13.50; 15" £17.50 (bi. 
BBC Parallel Lead £6; Serial Lead £6 (d!; IBM Parallel Lead (2m) £12 (d). 


MONITORS 


MICROVITEC 14'' RGB 

1431 Standard Resolution . . 
1451 Medium Resolution £225 (a) 
1441 Hi Res £365 {a) 


MICROVITEC 14” RGB/PAL & Audio 
1431 AP Standard Resolution £199 (a) 
1451 AP Medium Resolution. £259 (a) 
MICROVITEC 20” RGB/PAL/Audio 
2030 CS std Res £380 la) 
2040 CS Hi Res £685 (a) 
Mitsubishi 14'' RGB Med Res, (BBC/IBM) 
£219 ta) 


. £179 (a) 


TAXAN K128V620 12” .... £279 (al 
TAXAN K128V625 12” .... £329 (al 
12" MONOCHROME MONITORS: 
TAXAN: 

Taxan KX 117 12” Green P31 £ 
Taxan KX 118 12” Green P39 £ 
Taxan KX 119 12" Amber.. £ 
PHILIPS: 

7502 Green Screen 

7522 Amber Screen 79 (a) 
7542 White Screen 79 ta) 
All Philips Monitors supplied with swivel 
stand 


85 (a) 
95 (a) 
95 ta) 


75 (a) 


No VAT on books; Carriage (c) 


LANGUAGES: 

6502 Assy Lang Prog 

8086 Book 

Acorn BCPL User Guide 

Acorn FORTH 

Acorn LISP t 
Acorn ISO Pascal Ref Manual . . £10.00 
Intro to COMAL 

intro to LOGO 

Micro Prolog Ref Manual 

Introduction to Turbo Pascal. .. £14.95 
Prog the Micro with Pascal ....£8.50 
The UNIX Book 

Unix User Guide 

Understanding Unix 


BBC MICRO GUIDE BOOKS 
BBC User Guide Acorn 


| BBC Plus User Guide 


Drawing your Own BBC Programs£6.95 
Inside Information 

Math Prog in BBC Basic 

Toolbox 2 

VIA 6522 Book 


PROGRAMMINGJUTILITY 

Advanced Sidevvays Ram User 

Guide £9.95 
Advanced User Guide (BBC). . . £12.50 
Applied Ass./Lang on the BBC . . £9.95 
BBC Micro Sideways ROM's RAM's£9.95 
Guide to the BBC ROM 

Beginners Guide to W.P 


View 3.0 User Guide 
Viewstore 
Viewsheet 


SOUND & GRAPHICS: 
Mastering Music 


DISC DRIVE SYSTEMS: 
Advanced Disc User Guide . . 
Disc Book 

Disc Programming Techniques 
Disc Systems 

File Handling on the BBC 


APPLICATIONS: 
Interfacing Proj for BBC 
BBC and Small Business 


PROFESSIONAL SOFTWARE 
VVordstar made easy 
Introduction to Wordstar 
Wordstar Handbook 

dBase-ll for the first time user 
Understanding dBase-l!l 
Multiplan Made Easy 

Multimate Complete Guide... . 
ABC of LOTUS 123 

1-2-3 for Business 

Adv Tech in dBase I/II 
Mastering CP/M 

CP/M Bible 

Introducing CP/M on BBC & Z80 £9.95 
MS/PC BOS Prompt 


.. £14.95 
XE 7.95 


PROGRAMMED ROMS FOR ELEKTOR 
PROJECTS 


503-N Jnr. Computer Monitor 

2708 £ 4.80 
504 Disco lights 270B £ 4.80 
505 Chess Intelekt . 2x 2716 £14.60 
506 J C Tape Monitor . 2716 £ 7.30 
507-N J C Printer Mon & PME 

2716 £ 7.30 
508 J C Bus Control B2S23 . £ 4.80 
510 150 MHz Freq Meter 2x 82523 
I £ 9.60 
514 Dark Room Computer 2716 £ 7.30 


ALL PRICES 
EXCLUDE VAT. 


Please add carriage 50p unless 
indicated as follows: 


(aJ£8 (b)£ 2.50 (cJ£ 1.50) (d)£ 1.00 


. 516 Talking Dice 2716 


521 CharGen & Video Routine for DOS 
Junior 2732 + 2716 £16.40 
522 CharGen & video; Routine for ex- 
tended junior 2732 + 2x 2716 £24.00 
523 Char. Generator .. 2732 £ 9.00 
524 Quantisizer 2732 £ 9.00 
525 Universal Term... . 2732 £ 9.00 
526 Wind Dir Ind 2716 £ 7.30 
527 Elabyrinth 2716 £ 7.30 
530 Daisywheel lface 2x 2716 £11.00 


TEGHNOLINE 
VIEVVDATA SYSTEM 


Tel. 01-450 9764 
Using 'Prestel' type protocols. 
For information and orders 
available 24 hours, 7 days 
a week. 


SEE OUR PAGE 5 ADVERTISEMENT FOR COMPONENT PRICES 


LEcHNOMATIC LTD 


MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NWI10 1ED 


SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01 208 1177, Telex 922800) 
305 EDGWARE ROAD, LONDON W2, Tel: 01 723 0233 


PLEASE ADD CARRIAGE AS PER CODE & 15% VAT 
(Export: no VAT, përp at Cost) 


Orders from Government Depts. & Colleges etc. welcome. 


Minimum telephone order £5. 


mm Detailed Price list on request. 
" Prices subject to change without notice 


EN 





please mention ELEKTOR ELECTRONICS when contacting advertisers 








13 Editorial 

14 Electronics News 

16  Telecommunications News 
18 Computer News 





The birth of satellite communications 
p. 20 








Long-range infra-red transceiver 
p. 36 





The digital audio taperecorder 
p. 32 


INFORMATION 


45 People; 48 New literature; 
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Readers' services; 72 lerms 
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78 Index of advertisers. 


CONTENTS 


ELECTRONICS 
TECHNOLOGY 


20 


The birth of satellite communications: 
worldwide communications entered a new 
era in 1962 when on 11 July the first live 
TV signals were received by BT's Goon- 
hilly's earth station via Telstar, the world's 
first commercial communications satellite. 


The digital audio taperecorder: earlier this 
year, a number of Japanese manufacturers 
introduced a new type of personal 
taperecording systems, which has become 
known as Digital Audio Taperecorder-DAT. 


The UNIX operating system: a look at this 
system now that the US and the EEC have 
endorsed it, and the X/Open Group of 
American and European computer manufac- 
turers are basing their common standards 
on UNIX. 


The INMOS transputer and OCCAM: a 
short introduction to the higher program- 
ming language tailored to supporting the 
transputer's concepts of concurrency and 
parallel processing. 


Computer science's holy grail: the current 
Obsession of computer scientists is seeking 
a solution to P=NP? It does not seem that 
one is in sight just yet. 


PROJECTS 


24 


BASIC computer: at the heart of this ver- 
satile and easy-to-build computer for pro- 
cess control and automation applications is 
Intel's micro-controller Type 
8052AH-BASIC. 


Long-range infra-red transceiver: a two- 
way, infra-red communication system that 
covers paths of up to 1500 m without the 
use of expensive opto-electronic devices. 


Shortwave SSB receiver: experienced DXers 
as well as novice shortwave listeners will 
appreciate this compact receiver that 
operates in the popular 20m and 80m 
bands. 


Dimmer for inductive loads: a simple circuit 
to overcome the difficulty in maintaining 
the ''on'' condition of a silicon-controlled 
rectifier when this is used to control induc- 
tive loads. 


Precise motor speed regulator chip: the 

TDA7272 from SGS provides both fast 

response and long-term stability without 
speed sensors by virtue of an innovative 
dual loop scheme. 


Morse code teaching program for Electron 
and BBC computers: A.B. Bradshaw shows 
how to learn to decipher the international 
morse code with a computer as tutor. 


November 1987 
Volume 13 
Number 150 





umen nc 
Pa gë . 34 E 
pas Bc NË a 
E 
1 ] “i 
? 
A 
"x 


In our December 

Issue: 

The main theme of 

the issue is measure- 

ment and test instru- 

ments with particular 

emphasis on 

osciloscopes. Apart 

from a detailed review 

of a number of 

osciloscopes, there 

will be news on many 

others. 

Also included will be: 

e Numbers and the 
machine 

e information theory 
and encryption 

e British Aerospace: 
the first 10 years 

e Logarithmic LCD 
VU meter 

e 1987 cumulative 
index 

e Readers' survey 


SS 





Front cover 
Although the Digital 
Audio Taperecording 
system, introduced 
in Japan earlier this 
year, has run into 
difficulties with the 
combined might of 
the western world's 
records producers 
and composers' and 
music writers' 
organizations, it ap- 
pears that it is here 
to stay. But, in the 
absence of pre- 
recorded tapes, the 
impossibility of re- 
cording from CD 
players, and a rela- 
tively high price, it is 
probable that it will 
take a long time 
before it will make 
ifs presence felt on 
the market. 
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8052-BASIC 


microcomputer prototyping board 


by ein. Systems 


special features include: 


* powerful BASIC interpreter in the ROM of an 
Intel 8052. 























'F on board EPROM programmer. 


up to 255 different programmes can be 
stored in the EPROM. 


2 RS232 ports, one for a VDU and the other 
for a printer. 


24 general purpose i/o lines. 
8 kbytes of static CMOS RAM. 
8 kbytes of EPROM. 





on board switching regulators generate 
-10, —10 and 21 volts. You just need a 
simple 5v supply 


MATRIX prototyping space to build your 
own circuit, 


* decoded signals are provided for expanding 
ijo and memory. 














* 116 instructions including floating point 
arithmetic. 

“The 8052AH BASIC microcontroller. . . offers an elegant and efficient way of writing 
control programmes for computer based projects.” Elektor Electronics Sept 1987. 






The MXT board costs £250 inclusive of post and packing 
and £5 for just the handbook 






For full details write to MATRIX Systems 





Bohm -PROM programmer 


Copies the EPROMs 2716...27256, 
2532. ..etc. as well as the corresponding 
CMOS-versions and EEPROMS. The 
RS 232 interface enables connection of 
a computer and purpose programming 
of the EPROMs. A 2764 for instance can 
be programmed in 30 secs. 


Available as kit or built and 
tested 

uPROM 2000 offers more possi- 
bilities and improved simplicity 
and safety. 

Large memory with 8K oper- 
ation program. Software exten- 
sions are possible. 

EPROMs and EEPROMs up to 
1MBit can be programmed! 
Switching-on of Vcc and Vpp 
voltages to the socket only at 
the start of the program. 
Automatic correction of programming voltage for each IC type by means of soft- 
ware or by pressing a button. For ICs with Identify Code automatic recognition and 
adjusting of the parameters. 

RS 232 interface. Adjustable Baudrate. Hardware-reset in case of transfer failures. 
Fast: a 2764 is programmed in only 30 seconds! 

Eight function keys: 

“Vpp Select”: for the programming voltage; 

“Size Select”: for the size of the EPROM; 

“Mode Select”: for the program algorithms; 

‘Reset’: switches everything to zero or start position; 

"Shift": double functions for the following keys: 

‘Verify’: comparison of data master and IC copy: 

“Identity”: automatic IC recognition and adjustment of parameters; 

“Error”: prevents start. LED indication for errors; 

“Blankcheck”: test-memory cells are “blank”; 

''Program'””: start of the programming process; 

"Erase": erases EEPROMs. 












Pak 
No ay 


23 Grove Road, Leighton Buzzard, LU? 8SF 
Telephone enquiries to Peter Cox-Smith on 0234-751001 
Cheques with orders payable to MATRIX Systems 


Description 


RESISTORS. 


VP] 300 
VP2 300 
VP4 — 200 
VP16 50 
VP140 50 
VP181 100 


Assorted Resistors, mixed values and types 

Carbon Resistcrs, 4-3: watt, pre-formed, mixed 

4-1 watt Resistors, mixed values and types 

Wirewound Resistors, mixed watt values 

Precision Resistors, 1% tolerance 

| and 2 watt Resistors, assorted values................ ! 


CAPACITORS. 


VP5 200 
vP6 200 
VP9 100 
VP10 
VP] 
VP12 
VP13 
VP14 
VPib 
VP180 
VP182 
VP192 
VP193 


OPTOS. 

VP24 | 
VP25 
VP26 

* VP27 

` VP28 
VP57 
VP130 
VP13! 
VP133 
VP134 
VP138 — 
VP147 
VP199 
VP203 
VP204 
VP205 
VP206 
VP207 
VP208 
VP241 
VP242 
VP243 


Assorted Capacitors, all types 
Ceramic Capacitors, Min. mixed values 
Assorted Polyester/Polystyrene Capacitcrs 


60 C280 Capacitors, metal foil, mxied values 


Electroiytics, all sorts 

Electrolytics, .47mf-150mf, mixed volts 

Electrolytics, 150mf-1000mf, mixed volts 

Silver Mica Caps, mixed values 

.01/250v Min. Layer Metal Caps 

Tantalum Bead Caps, assorted values 

100041 5Ov Electralytics 

Min. Electrolytics, mixed values, .47mf-1000mé 6/16v . 
Sub Min. Electrolytics, 2 x 1000/2200:3300mf 101164 


0 .125" clear showing Red LED's 


Mixed shape and colour LED's 
Small .125'” Red LED's 
Large .2” Red LED's 
Rectangular .2"" Red LED's 
Opto special pack. Assorted. Super Value £3. 
RED 7 Seg. CC 14mm x 7.5mm RDP FND353 LED Display... £2.00 
GREEN Ts. CA .6" LDP XAN6520 LED Disp'ay £2.00 
RED Ovarflow .6'" 3 x CA 3 x CC 6630/50 LED Display . 
GREEN Overflow .6 CA XAN6530 LED Display 
Assorted LED — Our mix, with data 
Pair Opto Coupled Modules 
LD707R LED Displays CA 
Triangular shape LED's, Mixed colours 
Large Green LED's, 5mm 
Smail Green LED's, 3mm 
Large Yellow LED's, 5mm 
Small Yellow LED's, 3mm 
pë e LED's clear showing Red, .2" 
RP12 Light Dependant Resistor 
Të colour LED's. 5mm Dia. 5mA 2v R.G.Y. 
Tri-colour LED's. Rectangu'ar bmm R.G.Y. nani. £1.00 


DIODES & SCRS. 
VP29 30 Assorted volt Zeners. SOmw-2w 
VP30 . 1O Assorted volt Zeners. 10w, coded 


W31 10 


5A SCA's TOB6, 50 — 400v, coded 





VP32 0 3A SCR's TOGË, up to 400v, uncoded 

VP33 Sil. Diodes like INA148 

VP34 Sil. Diodes like OA200/8^X13-18, 40v 

VP35 1A (N4009 Diodes, ali good, uncoded 

VP49 O Assorted Sil. Rectifiers, 1A-10A, mixed volts 
VP141 IN4002 Sit. Rectifiers, TA 100v, preformed pitch 
VP142 40A Power Rectifiers, slicon, TO48 300 PIV 
VP143 BY187 12KV Sil. Diodes, in carriers, 2.5MA 

VP 184 4A 400v Triacs, plastic 

VP187 
VPI94 
VP195 QA47 gold bonded germ. Diodes, uncaded 
VP196 0A703 

VP197 OA9O type germ. Diode, urceded 

VP198 BA248 Sil. Diodes, 350v 2A, fast recovery 
VP222 3A Stud Rectifiers. 50-406v. Assorted 


TRANSISTORS. 

VP38 100 Si. Trans. NPN plastic, coded, with data 
VP39 100 Sil. Trans. PNP plastic. coded, with data 
VP47 Sil, Power Trans. similer 2N3055, uncoded 
VP48 Pairs NPNIPNP plastic Power Trans. 4A, data 
VP50 NPN Sil. Switching Trans. TO-18 ard TO-92 
VP51 PNP Sil. Switching Trans. TO-18 end TO-92 . 
VP60 All sorts Transistors, NPN:PNP 

VP150 
VP151 BC171B Sil. Trans, NPN 45v 100mA Hfe240+ TO92 

VP 152 TIS90 Së, Trans. NPN 40v 400mA Hfe100« T092 
VP153 TIS91 Sit, Trans. PNP 40v 400mA Hfel00+ TO92 
VP154 MPSA56 Sil. Trans. PNP 80v 800mA HfebO « TD92 
VP155 BF595 Sil. Trans. NPN eqvt BF184 H.F. T092 

VP156 BF495 Sil. Trans. NPN eqvt BF173 H.F. TO92 

VP157 ZTX500 series Sil. Trans. PNP plastic 

VP158 ZTX 107 Sil. Trans. NPN eqvt BC107 plastic 

VP159 ZTX108 Sil. Trans. NPN eqvt BC 108 plastic 

VP161 BC1B3L Sil. Trans. NPN 30v 200mA T092 

VP162 SJE5451 Sil. Power Trans. NPN 80v 4A Hfe20 + 

VP 163 NPN/PNP pairs Sil. Power Trans. like SJE5451 

VP164 2N6289 Sil. Power Trans. NPN 40v 40w 7A Hfe30 1 
VP165 8FT33 NPN Si’. Trans. 80v 5A Hfa50-200 TO39 

VP166 BFT34 NPN Sil. Trans. 100v 5A Hfe50-200 T039 

VP167 BUY69C NPN Trans. TO3 VCB 500, 10A, 100%, HfelS+ . 
VP168 
VP169 
VP170 
VP171 
VP172 SM1502 PNP TO-39 Sil. Trans. 100v 100mA Hfe100 - 
VP200 OC71 type germ. AF Transistors, uncoded 

VP201 OC45 germ. HF Transistors 


LGS. 
VP40 TTL I.C.s all new gates — Flip Flop — MSI. Data 
VP59 Assorted I.C.s linear, etc, añ coded 


BXS21 aqvt BC394 NPN Sil, Trans. 80v 50mA TO18 
Assorted Power Trans. NPN;PNP coded and data 


SCR's 800MA, 200v, 2N5064, plastic, T092 ........... 
OA91 point contact germ. Ceodes, uncoded ............. 


9 detector germ. Diodes... aa nenen 


BC 1B3B Sil. Trans. NPN 30v 200mA Hfe240- T092 .. .... 


BF355 NPN TO-39 Sil. Trans. eqvt BF258 225v 100mA . ... 


.. £1.00 


£1.00 
£1.00 


BC47B eqvt BCY71 PNP Sil, Trans. mu us . £1.00 


For further details contact 
CRESTBEAM LIMITED 


389, ASPLEY LANE, NOTTINGHAM NG8 5RR 


Telephone 0602 296311 


Metres PVC dde strand Wire, mixed cours 
Metres PVC multi strand Wire, mixed colours 
Metres PVC single/multi strand Wire, mixed colours 
Sq. Inches total copper clad board 
40mm track slider pots. 100K Lin 
Black neatsinks, fit TO3 and T0220, dried 
Power-fin heatsinks, 2 x TO3, 2 x TOR 
Assorted heatsinks, TO1/3/5/18/220 
Assorted 1.C. DIL Sockets, 8-40 pin 
Semiconductors from around the word, mixed 
Etchant & Drill Kit. PCB, inc dril, transfers, etc. "T 
Electronic Buzzer, 6v, TBMA . 6... eee £0.95 
Electronic Buzzer, 9v, 25MA 3 
Electronic Buzzer, 12v. 25MA 
TECASBOTY Components Pack, semiconductors, caps, etc... . 
Telephone pick-up coil with 3.5mm jack piug 
Pillow Speaker with 3.5mm jack plug 
Piastic Vice, small, wnh suction base 
Logic Probe/Tester, Supply 4.5: 18v, DTL, TTL. CMOS 
Universal Tester, with cetamic buzzer 
Piezo Buzzer, miniature, 12v ea aa ee £1.25 
Piezo Buzzer, miniature, 240v . aa sess £1.25 
Coax Antenra Switch, 2 way 
Coax Antenna Switch, 3 way 
High Pass Filter/Suppressor. CBITY 
Low Pass Fitter, VASITV Band 
Precision Morse Key, fuliy adjustable 
Miniature FM Transmittar/Babyphone ........ sisse £7.50 
100K Lin multi turn Pots, ideal vari. cap. tuning............ £1.00 
Assorted Pots, inc, dual and switched types £1.00 
Presets, horizontal and vertical, mixed values 
DIL Switches, 1 & 2 way slide, 6 way SPST, assorted 
Fuses, 20mm & 114” glass, assorted values 
Pack assorted Hardware, nuts, bolts, etc. lenin: £1 00 

5 Assorted Battery holders and clips. PP3/9, AAID, etc. ....... £1.00 


6 pc STANLEY Screwdriver Set. Flat & crosspoint 

Pick-up Toci, spring loaded 

bL. cR. D MEME £4.00 
Watchmakers Screwdriver Set, 6 pieces 

Miniature Side Cutters 

Miniature Bent-nose Pliers 

Miniature Lang-nose Piers 


Use your credit card. Ring us on 0763 48851 

NOW and get your order even faster. Goods 

normally sent 2nd Class Mail. 

Remember you must add VAT at 15% to your 
I order. Total Postage add £1.50 per Total 

order. 


Send your orders to Dept. EK, BI-PAK PO BOX 6 WARE, HERTS 
TERMS CASH WITH ORDER. SAME DAY 

DESPATCH. ACCESS, BARCLAYCARD ALSO ACCEPTED. 

TEL 0763-48851, GIRO 386 7006. ADD 15% VAT AND 

£1.50 PER ORDER POSTAGE AND PACKING. 
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74LS379  1.30| 4536 259 | 407581 12.00) LM723 0.60 | TC9109 5.00 15 | 1 .00 
7400 0.30 7415381 450] 4538 0.75 | ADCOSOB 11.90| LM725CN 4.00] TCA940 1.75 2101 kri E pad 199 ADJEI 15.00 
7401 0.30 7415390 — 0.60| 4539 0.75 | AM7910DC 25.00 | LM733 0.65) TDAIOIO 2.25 21078 5.00] 1.8432 MHz 2.25 
7402 0.30 7415393 1.00) 4541 0.30 | ANIOS 2.001 LM74! 0.22) TDA1022 4.50 | 2111A-35 4.00] 2.00 MHz 2.25 
7403 0.30 74LS395A 1.00] 4543 0.70 | 471-5050 1.00 | LM747 0.70 | TDA1024 1.10 2114 1.550] 2.45760 MHz (S) i 
7404 0.35 74L$399 1.40) 4551 1.00 | AY3 8010 4.501 LM748 0.30] TDAII76S 3.00| 2114.3 250 200 
7405 0.30 i FALSAA5 1.80 | 4553 240| ^Y3.891G 4.50) LMI1011 4.30 | TDA2002 3.25 2147 4.00 2.5 MHz 2.50 AM26LS3] 1.20 
7406 0.40 7ALSOI1 4 741 S455 1.20 4555 0.36 AY 3.8912 5.00 | LMI014 1.50 TDA2003 1.90 4116-15 200 3 12 MH 1.75 AM26LS32 1.20 
7407 9.49 | 741502 24) 7a1$467 180) 4556 050 | CA3019A 1.00) LMI8O1 3.00 | TDA2004 2.40 4116.20 150) 3276 MHz 150 | AM79100C 25.00 
7408 0.30 7ALSO3 E FALS540 1.00 4557 2.40 CA3028A 1.10 | 141330 2.50 TDA2006 3.20 4164-15 (TI 3.00 3 5795 Miz 1.00 D7002 6.00 
7409 0.30 | 74LS04 -24 | 74LS541 1.00 || 4560 149 | CA3046 0.70 | LM1871 3.00| TDA2020 3.20 4164.15 150) 400 MHz 140| DACBOCB! V 
7410 0.30 74 L505 " 741 S608 7.00 4566 1.40 CAJOS9 3.20 | LM1872 3.00 TDA203U 2.50 4416-15 3.00 4 194 MHz 1.50 28.00 
7411 0.30 | 741508 24 | 74LS610 25.00] 4568 2:49 | CA3060 3.50) LMI885 — 6.00 | TOA38)0 7.50 4532-20 2501 443MH; 100| DM8)3 6.00 
7412 0.30 | /4(s09 0.24 | 74LS612 25.00 | 4569 170 | CA3080€ — 0.70 | LMigge 4501 TDA7000 — 3.50 .00 | 41256-15 300) 4.608 MH; 2.50) DRSJO 3.50 
7413 0.50 | 74LS10 0.24 | 74LS624 — 3.50 | 4572 0.45 | CA3086 — 0.60] LM2917 3.00| TEA!002 7.00 '00 | 5101/5501 400) 4.9152 MHz 200 | 053691 3.50 
7414 0.70 | 741511 0.24 | 74L S626 225] 4583 0.90 | CA3089E 2.50 | LM3302 0.90 | TLOGICF 0.40 i 5514:5114 4001 5.000 MHz 1.50 058830 1.40 
7416 0.36 | 74LS12 0.24) 7aLS628 2251 4584 0.48 | CA3990^0 375 | LM3900 0.80 | T1062 0.60 | 155995 18.00 | 5516 4.00 | 5.068 15] peREw . 190 
7417 0.40 | 74LS13 0.34) 7415629 — 125| 4585 0.60 | CA3130E — 0.90 | LM3909 1.00 | TL06a 0.90 | v25 e £10 | 5517 4.00 | 6.00 MHz 140 | DSBB32 1.50 
7420 0.30 | 241514 0.50 | 74L S640 2.00 | 4724 1.50 | CASISOT 1.30 | LM3911 1.80 TLO71 0.40 v30.g £10 | 50256-15 4.00 6.144 MHz 1.40 D$8833 2.25 
7421 0.60 | 741515 0.24 | 74(S640.1 300) 14411 7.50 | CA3140E 0.45 | LM3914 3.50 | T1072 0.70 | 735 250) 61161P-3 3.00 | 7.00 MH 1.50 DS8836 1.50 
7422 0.35 | 741520 0.24 | 7aLS641 1.50] 14412 750 | CA3140T 1.00) LM3915 3401) Tora 1.10 | 725a 590 626aLP-18 2:60) 7.168 Mti; 175 | DS8838 2.25 
7423 0.36 | 74LS2! 0.24 | 74LS642 — 2.50] 14416 3.00 | CA3146 2.25 | LM3916 3.40 | TL08! 0.35 | 785g 550| 6810 X 2.00| 800 MHz 150 MC 1488 0.60 
7425 0.40 | 741922 0.24 | 7zaLS6421 300 14419 260 | CA3160E 1.50] LMi3600 1.50) TL082 0:55 | 780r 750 | 749189 — 1.80 | 8.867 MHz; 175 | MCI489 0.60 
7426 0.40 | 741524 0.50 | 74LS6ë43 2.50] 14490 420) CASISJE 200) Msisiss 2:30 | TLO83 0.75 | 76538 750 | 745201 350 | 1000 MH» 175 | MC3446 2.50 
7427 0.32 | 741526 0.24 | 74155431 3.00 | 14495 4.50 | CA3162E — 6.00| M51516. 4.50 | TLOBA 100|iCMOS zgo — 745289 225 | 1050 MHz 250 MC3459 4.50 
742B 0.43 | 741527 0.24 | 7aLSB44 = 3.50] 14500 6.50 | CA3189E 2.70 | M83712 2.00 | TLO% 200] "" 7^ 93415 &00 | 1070 MHz 150) MC3470 — 4:75 
7430 0.30 | 74,528 0.24 | 74LS645 2.00 | 14599 2.00 | CA3240E 1.50 | MC1310 1.50 | UA759 3.20 03425 6.00 | 11.00 MEZ 3.00 MC3480 8.50 
7432 0.36 | 74,830 0.24 | 74LS645.1 4.00 | 22100 3.50 | CA32806 — 3.00 | MC1413 0.75 | UA2240 1.50 “I 1200 MHz 150 MC3486 2.25 
7433 0.30 | 741832 0.24 | 74LS668 0.90 | 22101 | 7.00 | D7002 6.00 | MC1458 0.45 | UCN5801A 6.00 12.00 14.00 MHz 175 MC3487 2.25 
7437 0.30 | 74LS33 0.24 | 74LS669 — 0.90 | 22102 7.00 | D^CI4088 3.00| MCl495L — 3.00 | ULN2003A 0.75 20.00 | 14318 MHz 1.60 MC4024 5.50 
7438 0.40 | 74LS37 0.24 | 7415670 — 1.70 | 40014 0.48 | DACOSU0 3.00) MC1496 — 0.70 | ULN2004A 0.75 8.00 14756MH; 2.50 | MC4044 5.50 
7439 040 | 74938 024 | 7aL S682 — 2.50 | 40085 1.20 | DACO808 3.00) MC3340 — 200 | ULN2068 290 4.50 BGIPIIEL 15.00 MHz 2.00 | MC6883 16.00 
7440 0.40 | 741540 0.24 | 74, S684 an | 40097 0.36 | OG308 3.00 | MC3401 0.70 | ULN2802 1.90 3.00 - 18.00 MHz 200 MC 14411 7.50 
7441 0.90 | 740542 0.50 |74LS687 3.50 | 40098 0.40 | HA1366 1.90 | MC3403 0.65 | ULN2803 1.80 3.50 12734 Mt 150 | MC14412 — 7.50 
7442A 0.70 | 741847 0.80 | /4L S688 3.50 | 40100 1.50 | !CL 7106 6.75 | MFIOCN 4.00 | ULN2804 1.90 5.50 18.00 MH; a 170 ULN2003 0.75 
7443A 1.00 | 741548 0.90 | 74C922 6.0€ | 40101 125 | ICL7611 0.95 | MK50240 9.00 | UPC575 2.75 4.80 18.432 Miz 150 75107 0.90 
7444 1.10 | 741851 0.24 | 747223 6.50 | 40102 1.50 | !CL 7650 4.00 | ML920 5.00 | UPC592H 2.00 5 50 19.969 MH; 1.50 75108 0.90 
7445 0.70 | 74L S54 0.24 | 74c925 6.50 |] 40103 2.00 | ICL 7660 2.50 | ML922 4.00 | UPCIISSH 3.00 1.80 20.000 MHz 1.75 75109 1.20 
7446A 1.00 | 741355 0.24 | 740926 6.50 | 40104 1.20 | ICL8038 4.00 | mmë6s271A 3.00 | UPCTISHH 5.00 3.00 24.000 MHz 1.50 75110 0.90 
7447A 1.00 | 74.S73A 0.30 40105 1.50 | ICM7565 0.90 | NE531 120 | XR2!0 4.00 | 6829 12.50 48.00 MHz 1.75 75112 1.60 
7448 1.00 | 74LS744 0.35 40106 0.48 | ICM7555 1.40 | NE555 0.22 | XR2206 4.00 Í 6840 375 116 MHz — 2.50 75113 1.20 
7450 0.36 | 74L575 0.45 0.20 | 40107 0.55 | LC7120 3.00 | NE556 0.60 | XR2207 3.75 | 68840 6.00 PXO!000 12.00 75114 1.40 
745] 0.35 | /4,976A — 0.36 0.24 | 40108 3.20 | LC 7130 3.00 | NESBA 4.00 | XR2211 5.75 | 6250 1.80 75115 1.40 
7453 0.38 | 74L578 0.42 0.25 j 40109 1.20 | LC 7433 3.50 | NEEG 1.20 | XR2216 6.75 | ës850 3.00 DISC 75121 1.40 
7454 0.38 | 74LS83A 0.70 0.70 | 40110 2.25 | LC7137 3.50 | E56 1.50 | XR2240 1.20 | 6852 2 50 CONTROLLERS 25122 1.40 
7460 0.55 | 741585 0.75 0.25 | 40114 2.25 | LE347 1.20 | Nese? 1.25 | zN404 1.00 | 685a 6 50 EE PROM 6843 75150P 120 
7470 0.50 | 74LS86 0.35 0.60 | 40147 2.80 | LF351 0.60 | E570 4.00 | ZN414 0.80 | 68B54 8.00 765A : 75154 1.20 
7472 0.45 | 74.590 0.48 0.45 | 40163 1.00 | LF353 0.90 | NES?! 3.00 | ZN419P 1.75 | 6875 5.00 8272 : 75159 2.20 
7473 0.45 | 74LS9! 0.90 0.60 | 40173 1.20 | LF355 0.90 | NE592 0.90 | ZN423E 1.30 | 8154 8.50 ! FDI77! 20.00 75160 5.00 
7474 0.50 | 741592 0.35 0.24 | 40174 1.00 | LF356N 1.10 | NE5532P — 1.50 | ZN424E 1.30 | 8155 3.80 ioc 266 Ima FD179! 20.00 75161 6.50 
7475 0.60 | 741593 0.54 0.25 | 40175 1.00 | LF357 1.00 |nE553iP — 1.60 | ZN425E8 — 3.50 | 8156 18019516) ^— 4.00 75162 7.50 
7476 0.45 | /4LS95B 0.75 0.38 | 40192 1.00 | LMIOCLH 4.50 | NeE5533P — 1:20 | ZN426E8 — 3.00 | 8205 2.25 jure 22 00 75172 4.00 
7480 0.65 | 74LS96 0.90 0.60 | 40193 1.00 | LM301A 0.30 | NE5534AP 1.50 ZN427E8 6.00 | 8212 2 20 WDT770 r 75182 1.50 
7481 1.80 | 74LS107 — 0.40 0.70 | 40194 1.00 | LM307 0.45 | oP.97EP 3.50 | ZN428E8 4.50 | 8216 1.60 | 2516 - 5v WD27 £24 75188 0.60 
7483A 105 | 74L5109 0.40 0.36 | 40244 150 | LM308CN 075 |PiL02A4 500 | zna29e8 2251824 POA 1" 35g 23. 27.00 1 35189 0.60 
7484A 1.25 | 74LS112 — 0.45 0.55 | 40245 1.50 | L310 2.25 | RC4136 0.55 | ZN447E 9.00 | 8226 ETE ac el te 75365 1.50 
7485 110 | ear so 0.60 | 40257 1.80 | LM31! 0.60 | RC4151 — 200 | zNa48 7.50 | 8228 5.50 | 2832 eo | wo2143 i120 | 75451 0.50 
JALS 114 £ 2 ~ E 2532 30 5.50 WD2143 a | r 
7486 0.42 | 0.45 0.60 | 40373 1.80 | LM318 1.50 | RC4195 1.50 | zNa49E 3.00 1 8243 2.60 | 2564 75452 0.50 
7489 2.10 | 74,5122 — 0.70 0.80 | 40374 1.80 | LM319 1.80 | nC4558 0.55 | zN450E 7.50 | 8250 12.00 | 2708 10 CHARACTER 75453 0.70 
7490A 0.55 | 74LS!23 0.80 0.60 | 80C95 0.75 | LM324 0.45 | 550249 9.00 | ZN459CP — 3.00 | 8251A 3.25 | 2716: 5v M GENERATORS 75454 0.70 
7491 0.70 | 74LS124 — 1.40 0.70 | 80C97 0.75 | LM334z 115 | SAa1gos 16.00 | zN1034€ 200) 823c5 35012635” Seo 75480 1.50 
7492A 0.70 | 7418125 050 0.30 | 80688 025 | imas5z 1:30) ëresetës ano | ZN1040 660 | E2bAC-5 3201522 ^ 222 75491 0:65 
7493A 0.55 | 74L5126 0.50 | 4024 0.48 M336 1.60 | Sja9 — 300 | ZNA134H 23.00 56 ^ 1300 $792 4.50 75492 0.65 
7494 1.10 | 7415132 0.55 | 4025 0.24 M339 0.40 | SN76033N 300 | ZNA234E 9.50 | 8257C-5 4.00 pn 7.00 8726 1.20 
7495A 0.60 | 7415133 — 0.50 | 4026 gg | Full range | /w3a8 VEL Febr c e Ca at dopi 225-39 600 8138 120 
7496 0.80 74LS136 0.45 4027 0.40 f 7AS £t MB3ABCH 3.60 SN76495 4.00 8275 29.00 27324 35 5.00 REAL i 8195 1.20 
7497 2:90 | 7418138 0.55 | 4028 060 | 9 M358P — O.S0|S3N76660 — 120 8279C-5 ago | 378473. 290 CLOCK 8196 1.20 
74100 1.90 | 74LS139 055 | 4079 0.751 74HC M377 3.00 | SPO256AL2 7.00 8289 300| 5:95 25 900 TucesteP 400 | 8197 1.20 
74107 0.50 | 745145 0.85 | 4030 035 PO hë LM380N-8 1.50 | TA?120 ” 120 8283 4.00 | 2792852 £60 | MM58t/4ANS.90 | 8798 1.20 
^ jr m ll 1-25 series In se 185] Tërë 140 | 1802CE 6.50 | 8284 4.80| 2256.30 20.00 | MSMb832RS3.50 | 811595 1.40 
741 0.55 | 7aLS151 — 0.65 | 4033 125 | stock. (esr * lxi ee Ni 380) 2751225 14.00 ETTEN EE. a 
A 150 | zs 20 | aa 28 | Ask f Lae 3.25 | 142205 239 [ 888,4, 50 | ER 5011152716 5.00 ITS VT. acr 1.40 
74118 110 | 7415153 0.65 | 4035 0.70 SK Tor LM384 2.20 | razst — 150| — 20012 16.00 | MCi44it 750) ssisi20 — 4.50 
74119 1.70 | 74L S154 1.80 | 4036 250 | full list LMIBEN.1 1.00) TBA9231 120 | 6502A 650 | TMS4500 14.00 CRT COMBI16 — 6.50 9602 3.00 
74120 1.00 | 74.5155 — 0.65 | 4037 1.10 | LM387 2.70 | TBAso0c 0.80 | 65028 8.00 | TMS9901 5.00 Mie IS] 3: RA 47028 7.50 | 9636A 1.60 
74121 0.55 | 74,5156 — 0.65 | 4038 1.00 germ LM1391 1.80 | r&A2:10 — 0.90 | 6800 250 | TMS9902 5.00 1.60 
74122 0.70 | 7415157 0.50 | 4639 2.50 SN 3928 110) pas 080 | 6802 Jeo nese. "1890 KEYBOARD 190 
"2 uve oe lao Gefen Fa | iNo, | (Basso Oa | ums um sees us cce $0 aa 333 
. 1 à i : i |7 i 
74126 055 | 7ALSIGJA 0:78 | 4042 hep 40 Bin 8.00 dO a ve eee 799 Gare iem A Pio f» EF9364 8.00 | Ay.5.2376 11.50 TELETEXT * 
74128 0.55 | 74LS162A 0.75 | 4043 0.60 LM716 0.48 - La | EF9365 25.00 | 74C922 5.00 DECODER 
74132 0.75 | 74LS163A 0.75 | 404a ; TTL & ECL l : 6RB09 10.00 | Z80CTC 2.50) FF9366 25.00 | 74C923 6.00 
74136 070 | 7aLS164 0775 ^ ma koi "T ZEDACTC  279|tF9367 a 36:00 
0:90 | zatstësa 1.30 | a048 0.60 | ZBDADART 700) Mcee “289 
250 | 74LS!86A 1.50 7 ‘an MM : 
njue qales na E ENTON, E e 
| 7ALS 1 d os : 4 
Heim, reos dë ec To CHANGE EZUBH TEES: SHE: 
170 | 74L5173A 1:00 1 i të 0.45 L 
1.40 | 74,3174 075 s As V 7806 0.50 SUBJECT TO CHANGE -- [3v Fh COMBO17 
175 7ALS175 0.75 0.60 | av 7808 0.80 WITHOUT NOTICE 
3 L . 0.80 v 1 0. PROF SOC XAS SOC 
0.80 | 7415183 — 1.90 0.80 | 15 v 7815 0.50 SRE LO need NË S basis arya at 
1.40 | 7415190 0.75 0.85 V 7818 0.50 !A5O0v 70p o odi m ipu saj n Spin 30p  18pin 50p 24pin 75p 
0.80 | 74L$191 0.75 4.00 V 7624 0.50 5A 400v 50p ldpi  JY0gp 20pn 18p 28 pin 26p 14 pin 42p  20pm  60p  28pi 100p 
0.90 | 7418192 0.80 0.70 F 8A &00v 140 lëpin Mp 22pn 2p 40pin — 30p lëpin 45p 22pin 65p 40pin 130p 
mg ss] 0.40 V 78106 0.30 | I5 V. 78L15 n 30p | 20 pin 4 28 pin 65 
1.10 | /4LS 195A — 0.75 0.25 | 6v 78106 0.30 | 5 V 79L05 Rie E pou ML 14 ata oop | 18 on 35p | 24 pin 588 a0 pik = 
0.80 | 741S196 0.80 0.24 | gv 78108 0.30 | 12 V. 79112 P peket l | 
1.10 | 7415197 0.80 0.24 | i2 v. 78.12 0.30 | 15 v. 17115 b ap ae TE 
1.10 | 74L$221 0.90 0.24 ER 2N3525 130p BC557B : 2N3055 
1.20 | 7415240 — 0.90 0.24 OTHER 2N4444 140p BC5588 2N3442 p 
unus i Fink D di CERES 
. L E 0.24 2N3704 D p 
4.00 | 741$243 0.90 0.65 By a ee PS S BCY?72 2N3/06 7 B 25p 
2.00 | 74,8244 0.70 0.25 | JSHOSKC s A00MW BD131 2N3773 p 
4.20 | 74LS245 — 0.80 025|lsA5v 5.75 3P | B8C179 BD132 2M3819 40p 
1.40 | 74($247 1.10 0.24 | 5g. 2.50 Twy 150 | BCT82/L BD135 2N3866 Op 
1.10 | 7415248 — 1.10 0.25 i TRIACS BCI84/L  20p | BD136 dA GP 
1.05 | 7415249 1.10 0.60 VARIABLE BC212/L  16p | BD139 40p d dP 
1.00 | 74LS25! 0.75 0.75 | LM3C5AH LM723N Plastic BC213/L 6p | BD241B 75p AM: d 
1.50 | 74LS253 0.75 1.20 | LM317T 78HGKC JA4C0v 60p | BC214/L 93 BD2428 75p "MEAS 30 
150 | 7419256 0.90 0.35 78GUIC 64 4COV 70p BD244B Swedes ap | 
1.00 | 74L5257A 0.7 0.90 79HGKC 6A 5C0V 90p BF256B 50p ON5 883 375p 
3.40 | 74LS258A 0.70 0.90 79GUIC BA4COV 7$p BF257/8  40p 2N6027 30p 
1.40 | 74LS259 1.20 0.90 79MGT2C Bascov 95p | BBC516:7  50p | BF259 40p 3j 200p 
1.80 | 7415260 — 0.75 2:70 12A500V 105p | BBC547/8  20p | BF337 3N140 ! — 200p 
1.80 | ;4[S26! 1.20 0.75 t&ASQ0v 130p | 98C548C  16p | BFRBO/8! —32p 40673 
1.30 | 7415266 0.60 0.90 b EIE T 2800D 130p 
7ALS273 1. 
1.10 | 7419279 0.70 0:88 TIL116 CMM UP i 
1.15 | 7419280 190 0.35 6N137 T2260  70p BY127  12p| 04200 9p |!N4003/4 Sp 
1.10 6N139 DISCRETE Poi pt OA47 109) 04202  !0p |:N4006/;7 7p 
7ALS283 0.80 0.95 
0.80 | 741 $290 „80 3.60 DISPLAYS Plug 90p 145p 175p 200p 220p 235p 9p | ingia 4p JIN5401:2 
1.30 | 74LS292 13.00 0.90 DISPLAYS LEDS Recep 9p IN5403/4 
1.10 | 741 $293 0.80 | 4507/4030 0.35 ERE 125 tacie — 85g 125p 150p 160p 190p 200p an 15920 
2.20 | 7415295 1.40 1.20 |FNO357 1.00 MANES10 RED TIL209 0.12 | Eaqe 
2.20 | 748297 14.00 0.55 | FND500'T1L730 1.00 NSB5881 GHEEN Conn. 120p 195p 240p 320p 340p 390p 
1.10 | 74,8298 1.00 0.55 [FND507:T1L729 1.00 TIL311 TIC211 0.15 BA1DOV 
1.00 | zaLs239 2.20 0.55 | MAN74:DL704 1.00 TIL729 YELLOW EURO CONNECTORS 3A200v 60p | 6A400v 120p 
1.50 | 74,23] — 3.70 3.50 | MAN71/DL707 1.00 TIL730 TIL212 0.20 Plug Socket | 14600v 30p| 4a100v 9Sp | 84100v 1500 
20) | 18553-2199 1.10 | MAN3640 in CABE Reci LEDs ag | DIN 416122. 32 way 300p 350p | 2asov  30p| 4A400v 100p | 16A 100v 180p 
1.40 | 2ii3348 — 200 0:56 CXO Bi TJ angled — 2 32 way 350p 400p | 2A!00v 3Spl 6A50v ^ 80p 104 400V 200p 
170 | 7415352 — 120 2.20 Se aes Colour 100) angied 3 . 32 way 400p — MIN D CONNECTORS 
0.90 | 7415353 1.20 0.48 10 LED (far 2 32 way specify a bara c) i = 
1.06 | 741 $356 2.10 0.32 Bargraph DIN 41617 21 way 160p 165p Sov 5 av ZË uy 37 way BO wav 
3.20 | 74LS363 — 1.80 0.60 Red 2.25 | DIN 41617 31 way 170p 170p MALE 
E 74,S364 1.80 1.15 oe 2.25] Din 41612 pi ‘ane "Pis Lans dra — 
~ 74L S365 0.50 0.80 . 2. 32 way St Pin 23 27 pec p . p p 
1.80 | 7415366 0.50 0.70 ncm 015) 5 - 32 bd Ang Pin 2 320p "EO 
2.00 | 74,9367 — 0.52 0.80 TIL222 0181 5 | 32 way St P 280p 300 "i 3 " "Mo — "É eB, SP 
0.80 74LS368 0.50 0.65 TIL226 0.22 s Way t i p P E tëri 1 Gop 2 1üp 2.90p 4 40p - 
0.80 | 7415373 — 0.70 1.00 TiL32 oss| 3.32 way Ang Pin 375p 400p | «5o; 
0.80 | 7415374 0.70 0.75 TIL78 “E 4 bada dr ap mec ee i s 
0.70 | 7415375 0.75 0.65 TIL31B 1.20 Pot pap Aser. aee T om me PIT 
1.60 7a $377 1.30 TIL81 1.20) For 2 - 32 way please specify spacing woe Ll uL oue. 5 50 pounds 
1.10 0.95 T n L A. (Bi JA EC IDC 25 way plug J BSp Sccke: 4.50p 





PLEASE ADD 50p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 


Orders from Government Depts. & Colleges 


— etc. welcome. E PEE 


4 


Stock items arë normally by return of post. 


TECHNOMATIC Lrp 
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01 208 1177, Telex 922800) 

305 EDGWARE ROAD, LONDON We, Tel: 01 723 0233 


Detailed Price List on request. 





Please mention ELEKTOR ELECTRONICS when contacting advertisers 






















EE 
November 1987 







Designed to produce a 
high intensity light 
pulse at a variable fre- 
quency of 1 to 15Hz. 
This kit also includes 
circuitry to trigger the 
strobe from an external 
source leg. a loudspeaker) via an opto isolator. 
instructions are also supplied on modifying 
the unit for manual triggering, as a slave flash 
in photographic applications or as a warning 
beacon in security applications. The kit in- 
ciudes a high quality pcb, components, con- 
nectors, 5Ws strobe tube and full assembly 


instructions. Supply: 240V ac. Size: 
75x50x45 
XK124 STROBOSCOPE KIT ....... £12.50 






One of the best deter- 
rents to a burglar is a 
‘Vane guard dog and this 
da 4 new kit provides the 
E ) barking without the 
bite! The kit when 
assembled can be 
connected to a doorbell, pressure mat or any 
other intruder detector and vvill produce a ran- 
dom series of threatening barks making the 
vvould-be intruder think again and try his luck 
elsewhere. The kit is supplied complete with 
high quality PCB, transformer, all components 
and instructions. All you need is a mains 
supply, intruder detector and a little time. The 
kit even includes a horn speaker which is 
essential to produce the loud sound requirad. 
The ''dog'' can be adjusted to produce barks 
ranging from a Terrier to an Alsatian and con- 
tains circuitry to produce a random series of 
barks giving a more realistic effect. 
XK125 Complete kit of parts...... £21.95 


DISCO LIGHTING KITS 


DL1000K — This value-for-money 4-way 
chaser features bi-directional sequence and 
dimming. 1kW per channel ....... £17.50 
DLZ1000K — A lower cost uni-directional ver- 
sion of the above. Zero switching to reduce in- 
terference. £9.85 
DLA/1 (for DL & DLZ1000K) Optional opto in- 
put allowing audio 'beat'/light response 70p 
DL3000K — 3-channel sound to light kit fea- 
tures zero voltage switching, automatic level 
control and built-in microphone. 1kW per 
channel. £14.25 


















































The DL8000K is an 8-way sequencer kit with 
built in opto-isolated sound to light input 
which comes complete with a  pre- 
programmed EPROM containing EIGHTY — 
YES 801 different sequences including stan- 
dard flashing and chase routines. The KIT in- 
cludes full instructions and all components 
(even the PCB connectors) and requires only a 
box and a control knob to complete. Other 
features include manual sequence speed ad- 
justment, zero voltage switching, LED mimic 
lamps and sound to tight LED and a 300 W 
output per channel. 

And the best thing about it is the price: 


LE i. gon £28.50 


Op*& SAE 
for CATALOGUE 


ORDERS: RING (01) 567 8910 — 24 HRS. 
NEW POWER STROBE KIT 








ELECTRONICS 
13 BOSTON RD. 
LONDON W7 3SJ Saturday 10-4 pm 
TEL. 01 567 8910 

ORDERING INFORMATION: 


ALL PRICES EXCLUDE VAT 
FREE P&P on orders over £20 (UK only), otherwise add 75p + VAT. 
Overseas P&P. Europe £2.75. Elsewhere £6.50. Send cheque/PO/ 
Barclaycard/Access No. with order. Giro No. 529314002. 
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 


GOODS BY RETURN SUBJECT TO AVAILABILITY 





E ha OR TIMER K í T 


Designed to con- 
trol 4 outputs in- 
dependently 
switching on and 
off at preset times 
over a 7-day cycle. 
LED display of 
time and day, easily aena via 20 way 
keyboard. ideal for central heating control in- 
cluding different switching time for weekends. 
Battery back-up circuit. includes box. 18 time 
settings. 

CT6000K £42.90 
XK114: Relay kit for CT6000, includes PCB, 
connectors and one relay. Will accept up to 4 
relays, 3A/240V c/o contacts ...... £4.30 
701 115: Additional relays ........ £1.80 


VERSATILE REMOTE 
CONTROL KIT 


Tha kit includes A 
all components 
(+ transformer) 
to make a sensi- 
tive IR receiver 
with 16 logic i 

outputs (0-15V) which with suitable interface 
circuitry (relays, triacs, etc - details supplied) 
can be used to switch up to 16 items of equip- 
ment on or off remotely. The outputs may be 
latched (to the last received code) or momen- 
tary (on during transmission) by specifying the 
decoder IC and a 15V stabilised supply is 
available to power external circuits. 

Supply: 240V AC or 15-24V DC at 10mA. 
Size (excluding transformer] 9 x 4 x 2cms. 
The companion transmitter is the MK18 which 
operates from a 9V PP3 battery and gives a 
range of up to 60ft. Two keyboards are 
available MK9 (4-way) and MK10 (16-way}, de- 
pending on the number of outputs to be used. 
MK12 IR Receiver (incl. transformer) 
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MK18 Transmitter .. eese £7.50 
MKS 4-Way Keyboard ............ £2.00 
MK10 16-Way Keyboard .......... £5.95 
601 133 Box for Transmitter ....... £2.60 


PROPORTIONAL TEMPEHRA- 
TURE CONTROLLER KIT 


Uses "burst fire” 

technique to man- 
tain temperature to 
within O.59C, ideal 
for photography, 
incubators, wine- 
making, etc. Max. 
load 3kw (240V ac). Temp. range up to 90°C. 
Size 7x 4x 2.5 cms. MK4......... £7.10 


























































These kits contain all necessary components 
and full instructions & are designed to replace 
a standard wall switch and control up to 
300w. of lighting. 

TDR300K Remote Control 

Eri ja Seal) ole £16.45 












TD300K  Touchdimmer .. 
TS300K  Touchswitch ... 
TDE/K Extension kit for 2-way 

switching for TD300K .... £2.70 
j= YT 


























SEND 9" x6" SAE & 50p FOR 
CATALOGUE OR CALL AT 
SHOP Mon-Fri 9-5 pm 


ES 













| 4039 


| 4044 


| 4052 


| 4060 


OSCILLOSCOPES 


TELEQUIPMENT D83 Dual Trace 50MHz. Delay 
Sweep. With Manual £350 
COSSOR CDU150. Dual Trace 35MHz. Solid State. 
Portable 8 x 10 cm display with manual ... £180 
S.E. LABS SM111. Dual Trace 1BMHz Solid State. 
Portable AC or External DC operation 8 x 10cm dis- 
play. With Manual 
TELEQUIPMENT D61. 
Manual 
TELEQUIPMENT D43. Dual Trace 15MHz. 
Manual 

TELEQUIPMENT S54A. Single Trace 10MHz. Solid 
State. With Manual 


COMMUNICATION RECEIVERS 
Racal RA17L 500KHz-30MHz only £140 each 
with Manual 
Eddystone 730/4 480KHz-30MHz .... 
with Manual. 


MULTIMETERS 
AVO 9 Mké (Identical to AvoB Mk4 but scaled differ- 
ently) Complete with Batteries & Leads 
AVO 8 Mk2 Complete with Batteries & Leads .... 
Above Items in GOOD WORKING ORDER — appear- 
ance not AT herice the price. 
AVO TEST SET No 1 (Military version of AVO 81 
Complete with Batteries, Leads & Carrying Case.. £65 
TEST LEADS suitable for AVOMETERS. Red & Black 
with 2 Croc-Clips & 2 Prods. (p&p £21 
ANALOGUE POCKET MULTIMETERS Philips’ Taylor? 


Dual Trace 10MHz. With 


With 


only £110 each 


| AVO etc. Complete with batteries & leads from .. £10 


STEPPING MOTORS 
Type 1. 200 Steps per rev 4 Phase (5 wire} 12/24V. 
Torque 2502 inch /will run on SY with reduced 
ou P £15 ea. 
Type 2. 6/12 Steps per rev. 3 Phase. 12/24V (will work 


Type 3. NORTH AMERICAN PHILIPS 24 Steps per rev. 
4 wire BV 3.3Àmps 0-250rpm 0-200 PPs £6 ea. 


| Type 4. 200 Steps per rev. 120V (3 wirel Torque 25 oz 


inch 
WARNER 24 Steps per rev. 3 Phase (6 wire). 
28V. Holding Torque 45 oz. inch .... . £5 ea. 


AVO TRANSISTOR TESTER TT169 
Handheld GO/NOGO for In-situ Testing. Complete with 
Batteries, leads & instructions (POP £3) 

. NOW ONLY £12 


Type 7. 


Used ehusmsm. 


OSCILLOSCOPE BARGAIN 
SOLARTRON CD1400. DUAL BEAM. 15 MHz. Supplied 
with manual Only £85 each 

SPECIAL OFFERS 
B+ Precision CRT Restorer/Analyser Model 467. 


Supplied with 2 bases and manual 
(P&P £7) ONLY £125 each 


LABGEAR Colour Bar Generator KG 1. 8 Test patterns 
(P&P £4) ONLY £40 each 


DISK DRIVE PSU. 240V 1N: 5V 1.6A & 12V 1.5A 
out. Size: W 125mm. H75 mm. D180mm. Cased Un- 
ONLY £10 (P&P £2) 


| QWERTY KEYBOARD. Cased. ASC11 Coded + Un- 


Coded Keypad & Function Keys. Requires +/— 12V. 
With info. Un-used £25 (P&P £4) 


QWERTY KEYBOARD (as in LYNX MICRO}, Push to 
make, Cased ONLY £5 e.a. (P&P £2) 


DISK DRIVE 5%°’ FULL HEIGHT BO Track Double 
Sided. Double Density, With Manual. Used 
"et die a. a a ro ALT ode £45 each 


|9" Black & White Monitors from £45 


ue MODE PSU +/—12V 0.254; 5V 15A 
£20 each P&P £3. 


DATRON 3000 PROM COPIER {copies up to 10) 


£150 each, P&P £7. 
ISOLATING TRANSFORMER 240V In — 240V Out. 
5OOVA £15 ea P&P £5; 100VA £6 ea. P&P £2 24V 
Out. bOOVA £6 ea P&P £5: 200VA £4 P&P £4 

NEW EQUIPMENT 

HAMEG OSCILLOSCOPE 605, Dual Trace 60MHz. 
Delay Sweep. Component Tester 
HAMEG OSCILLOSCOPE 203.6 Dual Trace 20MHz. 
Component Tester with 2 probes 


All Other Models Available 


BLACK STAR FREQUENCY COUNTERS P&P £4 
Meteor 100- 100MHz 

Meteor 600-600MHz 

Meteor 1000-1GHz 

BLACK STAR JUPITOR 500 FUNCTION GENERATOR. 
Sine/Square/ Triangle. 0.1Hz 500KHz P&P £4 ... £110 


HUNG CHANG DMM 7030 3% digit. Hand held 28 
ranges including 10 Amp AC/DC 0.1%. Complete with 
battery & leads, P&P £4 1 


As above DMM 6010. 0.25% 
OSCILLOSCOPES PROBES. Switched x 1; x1 


with 30 days guarantee. Manuals supplied if possible 


This is a VERY SMALL SAMPLE OF STOCK. SAE. or Telephone for Lists. Please check availability before 
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods & Carriage. 
Callers welcome 9 a.m. to 5.30 p.m. Mon-Fri tuntil 8 p.m. Thurs! 


STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL 
Telephone: 0734 68041 


VISA 
a 


CMOS 
4000 13p 
4001 13p 
4002 13p 
4006 368p 
4007 13p 
4008 38p 
4009 20p 
4010 21p 
4011 13p 
4012 13p 
4013 74LS51 
A014 74LS54 
4015 740,855 
4016 5 74LS73 
4017 i JALS 74 
4018 74, S75 
4019 f4L576 
4020 74LS78 
4021 74LS83 
4022 74LS85 
4023 74LS86 
4024 74LS90 
4025 74L$91 
4026 FALSI2 
4027 74L893 
4028 74LS95 
4029 74L S96 
4030 74LS 107 
4031 74LS 109 
4032 74LS112 
4033 74LS113 
4034 74L5114 
4035 74LS 122 
4036 74AL S123 
4037 74L$124 
4038 FALS125 
FALS 126 
741 $132 
74LS 133 
74LS136 
74LS138 
FALSI39 
FAL5145 
FALS147 120p | 74L S645 
74L$148 90p | 74LS670 
74L$151 32p | 74LS674 
74LS153 40p | 74LS687 
74LS 154 
74,8155 
74LS 156 
74,8157 
JALS158 
74LS 160 
74LS 161 
74LS 162 
7AL S163 
741 S164 
74LS165 
74LS166 
74LS168 
74LS169 
7ALS170 
74LS174 
74LS175 
7415190 
74LS191 


74L S27 
74L528 
74LS30 
FALSI2 
7ALS33 
#4531 
74LS38 
74LS40 
#4L$42 
/ALS47 
FALS48 


7415192 
7ALS193 
74L5194 
74L5195 
7445196 
74LS 197 
74L5221 
74L$240 
74L S241 
74L S242 
74L 5243 
74,8244 
7415245 
74L5247 
74L5248 
74L 52498 
74L S251 
MLS293 
74.5256 
74,8257 
74LS258 
74, $259 
FALS260 
FALS 266 
74,8273 
74,8279 
74,5280 
7ALS283 
FALS290 
FALS293 
FALS 365 
74LS366 
74L S367 
74,5368 
74LS373 
74LS374 
74LS375 
74L $390 
74L S393 
74L S388 
74L5629 
74LS641 
74L S642 
74L S644 











4040 
4041 
4042 
4043 


4045 
4046 
4047 
4048 
4049 
4050 
4051 








74L500 
FALSOI 
FALSO2 
FALSO3 
FALSOA 
FALSOS 
74L S08 
74L S09 
J4LS10 
74L511 
FALS12 
74L513 
74L514 
74L515 
FALS20 
74LS21 
74LS22 
74L S24 
74L S26 


4053 
4054 
4055 
4056 


12114 
2532 
2716 
2732 
2732À 
2764 
27C64 

| 27128 

21256 25 


4063 
4066 
4067 
4068 
4069 
4070 
4071 
4972 
4073 
4075 
4076 


4116 
4164 
6116 
6264.15 








D 
COMPUTER 5298 
IC'S | 8748 
I 8755 


200p 
330p 
200p 
280p 
300p 
240p 
550p 
250p 
400p 
141256 15 300p 
| 256DR.AM 300p 
75p | Z80ASIO-! 700p 
110p | 28 
160p 
250p 


6502 
6502A 
65C02 
6503 
6520 
6522 
6530 
6532 
6545 
6551 


745189 


748201 VOLTAGE 


745287 REGULATORS 


745288 7805 
745289 7812 
745387 7815 
75107 7818 
75108 7824 
75109 7905 
75119 m2 
anas Lie 7918 
da 75114 7924 
6803 75115 78LO5 
6808 75121 78L12 
6809 75122 78L15 
EI 75150 78 18 
6820 75158 79.05 
6321 75159 7912 
6840 75160 78115 
6845 75161 7818KC 
6850 75162 PBZAKC 
8080A 78172 Mao: 
8155 75183 LV317T 
8156 75188 LM323K 
81L595 75189 LM723 
75195 78HGKC 
5195 
81LS96 
75322 78HO5KC 
E m 75324 78H 12KC 
ue 75325 7BGUIC 
8224 : 79GUIC 
75365 
8226 75450 79HGKC 
8228 75451 ZENERS 
5250 E 400 my 
do Wen BZY88 RANGE 
a p 2v? TO 39v 
8253 ier e 
8255 75492 BZX61 RANGE 
8256 297 TO 39v — 12p 


8T26 
8257 8128 110p LED 
8259 8731 330P |LED 3mm RED 5p 
8271 8195 HOP |LED 3mm YEL 10p 
8272 8T96 110P (LED 3mm GRN 10p 
8279 LED &mm RED 5p 


8T97 90p 
8282 8198 110P | LED Gun YEL {üp 
5mm GRA 10p 


8283 LED 
8284 I 5 = : 
8287 PLEASE PHONE US FOR TYPE NOT 
LISTED HERE AS WE ARE 
HOLDING 3030 ITEMS AND QUO 
TATIONS ARE GIVEN FOR LARGE 
QUANTITIES 
Please send 70p POP and VAT at 
1595. Gove, GoHeges, etc. Orders 
accepted. Quotations given for 
large quantities, Please aliove 7 days 
lor delivery, AH brandnew Compo 
nents, Al valves arë new and 
boxed. 


GRANDATA LTD 
9 THE BROADWAY, 
PRESTON ROAD, VVEMBLEY, 
MIODLESEX, ENGLAND 
Telephone; 01-904 2093 
& 904-1115/6 
Telex No: 932 885 (Sunmit) 
Access & Barclay Card accepted. 
Open Monday to Saturday 














1100p 
1400p 
AY3-1015 290p 
AY5-3600 570p 
SPO256AL2 500p 
ZB0ACPU 180p 
Z80BCPU 500p 
ZB80ADMA 650p 
ZBOAPIO 230p 
Z80BPIO 480p 
| Za0ACTC 250p 
[Z80BCTC 480p 
Z80ASIO 660p 


BASIO-2 700p 
ZBOADART 680p 
748188 175p 

























The Archer 780 SBC 


The SDS ARCHER - The 280 based single board 

computer chosen by professionals and OEM users. 

* Top quality board with 4 parallel and 2 serial ports, 
counter-timers, povver-fail interrupt, watchdog timer, 
EPROM & battery backed KAM. 

* OPTIONS: on board power supply, smart case, 
ROMable BASIC, Debug Monitor, wide range of I/O & 


memory extension cards. 


The Bowman 68000 SBC 


The SDS BOWMAN — The 68000 based single board 

computer for advanced high speed applications. 

* Extended double Eurocard with 2 parallel & 2 serial 
ports, battery backed CMOS RAM, EPROM, 2 counter- 
timers, watchdog timer, powerfail interrupt, & an 
optional zero wait state half megabyte D-KAM 

* Extended width versions with on board power supply 

and case. 


Sherwood Data Systems Lid 


Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX. Tel. 02814-5067 
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Requiation 13% 
Size 
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0.9 Kgs 
Mounting boll Mb = SC 
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23029 
23030 Regulation 6% 


mina to 
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e UO 


Regulation 12% 301 [9 : 4 110 57 62 
ue 33012 i 2.6 Kas 

ABC 33013 Meuntin bolt M5 = 

95 40 43 33014 21 vd 

1.0 Kgs 33015 

Mounting bolt MS = 33016 

33017 

33028 | 

33028 2 

33030 | 24 | | S00VA 
Regulation 5% 
Size 


service to match the quality of the toroidals. 
FOR FREE DATA PACK PLEASE -— EN Herne Bay, Kent CT6 6PL PRIMARY 
Sas 
mw " EEEMS 
15VA 160VA 53011 8.89 625VA | TRA NS FO R ME RS 
le 2 NUR diagrami| 03912 (12 ' ne Fr. " Saati z 15 = Size F e ARE NOW 
1.8 Kgs 53916 [28 . 2 i 5.0 Kgs i SUPPLIED VITH 
2 0 Mounting bolt MB - 53917 4 | | Mountng olt MB « 90 

Regulation 18% ARS z 53028 | mo | ta | PERMITTING 110V 
BBE ) 
70 35 37 . 1] 83 225VA é m 9 OPERATION 
Mounting bolt wb = 5 Bor 

Offers the following advantages: 

SMALLER SIZE AND WEIGHT TO MEET MODERN 

LOW ELECTRICALLY INDUCED NOISE DEMANDED BY 

COMPACT EQUIPMENT. 

WHILST MAINTAINING SIZE ADVANTAGES. 
LOWER OPERATING TEMPERATURE. 


| WRITE TO OUR SALES DEPT. Telephone: (0227) 375254 | 
Regulation 19% a11 Regularon 875 53012 - 12 6.66 Regulation 4% 
| Mounting bolt Md « 12 14 + 18) 42 | 110 45 50 53015 
53018 | DUAL PRIMARIES 

s so pata o | OR 220/240V 
9.45 Kos . z | Regulation J% 

THE TOROIDAL POWER TRANSFORMER 

‘SLIMLINE’ REQUIREMENTS. 

HIGH EFFICIENCY ENABLING CONSERVATIVE RATING 

| PRICES 
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120VA 
Reyulatran 1152 A BC 
135 60 65 
4.0 Kgs 


Ment AB os 
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ALL ABOVE PRICES INCLUDE VAT AND CARRIAGE. QUANTITY DIS- 
COUNTS AVAILABLE FOR 6 OR MORE OF ANY ONE TYPE 
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NEW THIS MONTH 


SOLAR CELLS 

Giant size, 90mm dia giving 0.45V 
1.7A output. £4 each; 10+ £3.50. 
Mega size — 300 x 300mm. These in- 
corporate a glass screen and backing 
panel, with wires attached. 12V 
200mA output. ldeal for charging 
nicads. £24.00 


JUST ARRIVED!! 

A major electronic distributors discon- 
tinued lines, all being sold off at LESS 
THAN 74 PRICE!! — boxes, cases, con- 
nectors, LED's switches, DIP boards, 
cable ties etc, All goods detailed in a 
16 page supplement available now 
FREE 


Examples: 
Briefcase type combination locks 
£4.71 per pair 
Sloping front cases: 
161 x 96 x 57/39mm 92p; 


215 x 130 x 73/47mm £1.49 
Plastic box with PCB slots 
190 x 110 x 60mm £1.40 


Large steel case 336 x 269 x 148mm 
£15.45 

"Tidyman' Kits: Contain a wide variety 

of support pillars, stand offs, cable 

straps and clamps etc (46 diff) all in at- 

tractive plastic case. 

Small: (201 total) £7.80; Large (708 

| total) £13.00 

Fuli details in Supplement. (Post £2 on 

all above) 





Z652 Coin acceptor mechanism. Made 
by Coin Controls, this will accept 
various size coins by simple adjust- 
ment of 4 screws. Incorporates various 
security features — magnet, bent coin 
rejector etc. Microswitch rated 5A 
240V. Front panel 115x64. Depth 
130mm. Cost £10.85. 
Our price 
CREAM DISPENSER 
Z801 Coin operated machine for dis- 
pensing hand cream. Cabinet 620 x 
365 x 200mm, wt 10kg, contains coin 
mech, PCB, counter, pump mech con- 
sisting of high torque geared 6V motor 
driving cam that pumps cream, & sens- 
ing components, all powered by inter- 
nal 6V 2.6A rechargeable battery 
£15+ £5 carr. 
Parts available separately. See list 30 
SPEECH CHIP 
2733 SPO256A - index chip t ULA 
chip as used in Currah microspeech. 
Cet and info for using SPO256 with 
Spectrum, ZX81, BBC, VIC & C64. No 
info on other 2 chips. All 3 for £3.00 
AUTO DIALLER 
Sloping front case 240 x 145 x 90/50 
contains 2 PCB’s: One has 4 keypads 
(total 54 switches) + 14 digit LED dis- 
play, 2 x ULN2004, ULN2033 & 4067: 
the other has 12 chips + 4 power 
devices etc. Case contains speaker. 8 
core cable 2m long with plug. For use 
Q6 M ne ee | £9.00 


PANELS 


Z620 68000 Panel. PCB 190 x 45 be- 
lieved to be from ICL's ‘One per Desk’ 
computer containing MC68008P8 
(8MHz 16/8 bit microprocessor, + 4 
ROM's, all in skts; TMP5220CNL, 
74HCT245, 138, LSOB, 38 etc. £5.00 


Z625 32k Memory Board. PCB 
170x170 with 16 2k x 8 6116 static 
RAM's. Also 3.6V 100 mA 
memopack nicad, 13 other HC/LS 
devices, 96w edge plug, 8 way DIL 
switch, R's, C's etc. ....... £4.80 
Details of other similar PCB's in latest 
list 


£4.00 


All prices include VAT; just add 60p P&P. 
Min Access order £10. Official 
orders from schools etc. wel- 





SWITCHED MODE PSU 

Astec type AA7271, PCB 50 x 50mm 
has 6 transistor cct providing current 
overload protection, thermal cut-out 
and excellent filtering. Input 8-24V 
DC. Output 5V 2A. Regulation 0.2%. 
£5.00 


— | m | wm |— | | nm 


MICROVISION 


We now have a supply of cases, 
complete with aerial at the special 
low price of £5.00 


We have a quantity of these units 
in varying states. From labels at- 
tached to some of the PCB’s it 
seems after assembly on the pro- 
duction line they did not function 
correctly. No attempt has been 


made to repair them, though — in- 
stead the following parts were 
removed: 

a) RF Tuner 

b) Vol control & switch 

c) ZN401E chip 


Z666 2x PCB in good condition 
with 2x CRT that have been re- 
moved, but maybe repairable. 
Conductive paint (15ml bottle 
£3.45) will probably be needed to 
remake contacts. With diagram & 
notes £6.95 
RF Tuner £6.95; ZN401 chip 
£9.95; Vol control t switch with 


MOTOR + SOLENOID 
2659 Motor, high torque 6V operation 
with integral brass gearbox giving 
GORPM. Shaft 18mm long x 6mm dia 
with flat. Overall length exc. spindle 
80mm. Dia 33mm. Ideal for robotics 
applications, being extremely high 
torque £2.75 
2738 6V solenoid single hole fixing. 
46 x 16x 18mm. Slug is 45mm long x 
6.5mm dia with tapped cross hole and 
slot. 2bmm pull. £1.75 
SPEAKERS 
Z578 Sub-min speaker 30 x 30 x 3mm 
thick by Fuji. T6R O.4W. 60p ea; 10 
£3.70 25 £7; 100 £22; 1000 £180. 
Z575 70 x 4bmm 45R 0.5W 55p ea; 
10 £3.30 25 £6 100 £20 
SOLDER 
500g reels resin cored. 18g . . £5.95 
500g reels resin cored 22g .. £7.95 
LOGIC PROBE 

For TTL, CMOS etc. LED and sound in- 
dication. Pulse enlargement capability 
allows pulse direction down to 
25nsec. Max f = 20 MHz 4-16V. UP 
(qo DI PT £9.99 


'NEWBRAIN' PANELS 
Z494 Motherboard microprocessor 
panel 265 x 155mm Complete PCB for 
computer. Z80, char EPROM etc. 68 
chips altogether + other associated 
components, plugs, skts etc.. £5.50 
Z495 RAM panel. PCB 230x 78mm 
with 14 x MM5290-2 (4116) (2 miss- 
ing) giving 28k of memory. Also 8 LS 
chips. These panels have not been 
soldered, so chips can easily be re- 
moved if required.......... £5.00 
Z679 Keyboard. 62 keys on ally 
chassis 260 x 90mm. No PCB £6.50 
Z670 Handbook 204 pp. Useful appen- 
dix (about '& the book) gives tech. info 
£5.00 
'NEWBRAIN' PSU 
BRAND NEW Stabilized Supply in 
heavy duty ABS case with rubber feet. 
input 220/240V ac to heavy duty 
transformer via suppressor filter. 
Regulated DC outputs: 6 5V at 
1: 2A; 13: bVat 0: 3A; —12V at 
Q.05A. All components readily access- 
ible for mods etc. Chunky heatsink has 
2 x TIP31A. Mains lead (fitted with 
2 pin continental plug) is 2m long. 
4 core output lead 1.5m long fitted 
with 6 pole skt on O.1'' pitch. Overall 
size 165 x 75x 72mm. 
FIL... R4 EE. £5.95 ea/10 for £40 


come — min invoice charge £10. 
Qur shop has enormous stock of components and is open 


ELECTRONIC 
COMPONENTS 





9-5.30 Mon-Sat. Come and see us!!! 


443E Millbrook Road Southampton 
SO1 OHX Tel (0703) 772501/783740 





EN 


Part type 25-99 

4164 150ns : .95 

41256 150ns 2.70 

41256 120ns 2.80 

41464 120ns 3.20 

2114 200ns Low Power 1.60 

6116 150ns Low Power 1.25 

6264 150ns Low Power 2.bb ; 
62256 120ns Low Power : 10.25 9.65 
2716 450ns : Call Call 
2532 450ns i Call Call 
2732 450ns : Call Call 
2732A 250ns f Call Call 
2764 250ns Suit BBC 1 Call Call 
27128 250ns Suit BBC i Call Call 
27256 250ns Call Call 


[27512 250ne ! Call Call 


Low profile IC sockets: Pins 8 14 16 18 20 24 28 40 
Pence 5 9 10 11 12 15 17 24 


Please ask for quote on higher quantities or items not shown. 
Data free on memories purchased. Enquire cost for other. 


Write or 'phone for list of other items including our 74LS series 
and a DISCOUNT ORDER FORM. 


Please add 50p post & packing to orders under £15 and VAT to 
total. Access orders by 'phone or mail weicome. 


Non-Military Government & Educational orders welcome 
for minimum invoice value of £15 net. 


Happy Memories (EL), FREEPOST, Kington, 
Herefordshire HR5 3BR. Tel: (054 422) 618 
(No stamp required) 


BUILD THE ELEKTOR VALVE PREAMP 
WITH AUDIOKITS COMPONENTS 















1 VISIT AUDIOKITS STAND 
si AT THE FESTIVAL OF 
SOUND AND VISION, 
EDINBURGH 
SHERATON HOTEL, 
6th to Sth NOV. 1987 





a a Tees 


AND ENJOY SOUND QUALITY E VEN BETTER THAN THE ORIGINAL 


If you want the very best sound quality from an amplifier, you must use compo- 
nents of the highest quality. Standard 196 metal film resistors give a good perform- 
ance at a low price, but the Holco range of precision metal film resistors actually 
sound so much better that AUDIOKITS sells hundreds each week to audio 
enthusiasts who are building new amplifiers or replacing the resistors in their exist- 
ing amplifier. At a typical price of 35 to 40 pence, can you really afford to use lower 
performance resistors? And for really high quality applications (such as the Elektor 
valve preamp) AUDIOKITS is selling more and more Bulk Foil resistors at prices of 
£4.50 — £22 each. 













January's Elektor gave an excellent summary on capacitors. AUDIOKITS supplies 
capacitors of the very highest audio quality including IAR Wonder caps, close toler- 
ance polystyrenes up to 100nF and grade 1 long life electrolytics. 









AUDIOKITS sells high quality semiconductors including MATO2FH (£8) and 
OP27GZ (£8.25) for use in the state of the art preamplifier; also OPSOFY (£14.00), 
OP77GP (60,V offset, £2.75), OP77EP (25uV offset, £6.50); also Bourns conductive 
plastic stereo pots, silver and gold plated switches, gold plated phono sockets, 
Kimber cable and much more. 









To help you build the Elektor Valve Preamp or State of the Art preamp with 
AUDIOKITS components, AUDIOKITS are producing two technical notes which 
include prices of components and advice on where to get better sound quality from 
higher quality parts. Price £2 each. 










For full details of AUDIOKITS components and services, including some of the very 
best complete amplifier kits available, please send 9" x 4” SAE to: 


AUDIOKITS Precision Component 


6, Mill Close, Borrowash, Derby DE7 3GU, England rm 
Tel. 0332 674929 at 
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68000 


Punsësiënë 
The Signetics SCN68000C8164 is an 8MHz 68000 
cpu in a 64pin Ceramic DIL package. Due to its 
advanced design features the 68000 has become 
an industry standard in true 16 bit processing. A 
scoop purchase enables us to offer this popular 
device at the unbelievable price of 




































6V 16Ah INTELLIGENT PRINTER BUFFERS 


e PB SERIES 
PB-64 “Memory: 64K(instalied) *2mm metal case “Copy, Bypass, 
ea e» a eries Reset, Self-Test function *Parallel to Parallel “Channel: 1-IN 
: ; l- l VAT P&P £2. 
A sealed, maintenance free, lead acid gel bat- PB-64-2 iita MAR talled) oe mai TR Reset 
à -64- s Å ; 
tery, the EP6160 is manufactured by Elpower and Self Test function *Paraliel to Parallel *Channel: 1-IN 2-OUT 
delivers a massive 6 volt 16Ah capacity from a 2-IN 1-OUT *Mechanical switch selectable 
package measuring only 210 x 140 x 70mm. 305. £95.00 + oie i kol Ere dicum 
' i - *Memory: installed) *2mm metal case “Copy, Bypass, 
Useful for quy standby kj portable applications, Reset, Self-Test function “Parallel to Parallel *Channel: l-in | 
the EP6160 is suitable for deep cycling use and is 1-OUT £112.00 + VAT P&P £2.50 inc insurance 
chargeable from a constant voltage source. | PB.256-2 Memory: 256K(installed) *2mm metal case “Copy, Reset, 
B i * * » fe i 
P+P et Ten function Parallel to Parallel “Channel: 1-IN 2-OUT MASSIVE STOCKS P+P 
£3.00 2-IN 1-OUT *mechanical switch selectable el 
. £135.00 4 VAT P&P £2.50 inc insurance MUST BE CLEARED 


i SIEMENS V30141 300 WATT OPEN FRAME UPER SAVINGS ON SWITCHMODES GRESHAM LION SWITCHMODE 
SWITCHMODE TRIPLE RAIL SUPPLIES 
A high reliability multirail supply carrying UL and CSA approvals. Built on | Top quality power supplies originally manufactured for a major OEM. 
I a rugged aluminium chassis the V30141 accepts 110 or 220Vac input and de- | Three outputs on 0.156 molex connector +5V at 6AÀmps * +12V at 
livers five outputs: *5V/35A * 12V/3A * 24V /3.2A *—l2V/0,2A%*—5V/2A | 4.75Amps —12V at 0,5Amps 

Semi enclosed in an attractive black enclosure, the units are supplied 


All units burned in and tested. REDUCED : 
BRAND NEW with data. 
Offered BRAND NEW & boxed TO CLEAR only £30 . var Input 240Vac on switched IEC skt. bare £20 + £2 p&p 


Overall size 390 x 225 x 70 mm. + £2 p&p 


NOVEMBER SPECIAL OFFERS 


BBC DISK INTERFACE leads, 34 way speed- | ELMA INSTRUMENT CASES—Supplied in kit | PAPST FANS-Type 4850 120mm low noise axial 


















































































bloc socket to 34 way edge connector. Available | form, these attractive and easy to assemble | fans. 240V Brand New................... £7.00 
in single or twin drive configurations. enclosures are finished in Pacific Blue and willac- | SPRITE FANS-80mm low noise axial fans high 
SINGLE DRIVE.. .£1.50 TWIN DRIVE.. .£2.50 | cept either eurocards or modular components. performance. 240V NEW ................ £6.00 
UMI286 MODULATORS-High quality UHF | Size 317 x140 x 240mm. ONLY ............ £10.00 | FADERS-Metal body construction. 

modulators for interface of computer and video | NEC MC5808 DBS Local Oscillator Module IQE Lin 60mm Mamacs uL... sd £0.60 
75 Ohm sources to TV sets. Data supplied. | Il0GHz ECS frequency, 50 ohm o/p ...... £15.00 | 10K Lin 45mm Mono centre stop ......... £0.60 








Me a d 1 dus e ir £4.00 | LITHIUM CELLS, Matsushita BR2325, 3V, 23 x 3mm £150 | 100K Lin 45mm Ster.centre stop .......... 


Power Supplies 


Part No Description Top quality tested second user units available ex-stock. 
FCN2674 GOULD MG5-20-5V 20A Switchimode ....... sulle eese 4 
BC4N40 Sig ProgVideo Controller ...............5 £6.00 EAM HE pak AU pn JË da Pë ët, SË rg 
DAC80-CBI- it D-A Converter ..............055 £4. -oU- WUCNMOGE ........eeee ern nnn . 

an US Ts IMMO. EB S sm te $200 | ELPAC SOLV 30, 12 Volt 4 Amp Linear Stabilized Supplies. Open frame 
Kl35A ` Mota Dual Baud Rite Gen £2.00 design on rugged di-chassis. Features low noise and tight regulation from 
BY-3-1270 GI Temperature Contr n row, lar £2.00 series regulator based on industry standard LM305 i.c. Supplied brand new 






















































MABOOHIAHuP Sig  PEPMencend “i E BWR tinal s nut 
SAB 8085 A2P Siem  8-Bit Microprocessor ...............-. £2.00 | ADVANCE PMGDIS5-12.-/—18V 12A Linear..................... £25.00 
Z80A SIO-0 SGS serial I/O Controller .........-..++-+: £3.50 | ITT PMI500A5 5V 15A Povvercard Linear ................ ce... £10.00 


TDA 1151 Siem Motor Speed Controller............... £1.00 
Quantity discounts available on all the above lines. 

Our range of ICs and Discrete semiconductors includes thousands of top 
quality parts ex-stock. 


ITT PM3000A5 5V 3A Powercard Linéar............. 0.0.2 eee £15.00 
MULLARD Unilex psu’s to clear... 0... ccc e eese ee £2.50 
Our stock of power supplies is vast and constantly changing. Ring us first 
for your PSU requirements. 




























A range of YUASA maintenance free rechargeable Lead Acid batteries 
having many applications in portable & standby situations. Suitable for 
cyclic and standby use, the sealed construction ensures long life and no 
electrolyte leakage. All batteries are brand new and available ex-stock at 
highly competitive prices. 

he Du (DEN e ore ke aa £5.50 *12 Volt LAAh ............. £10.00 
FO Vell Lid e. amus Pom: £125 “12. Vol LBAh ....4.... 9. £13.00 
Mi VOW BAR... ce ee i £8.00 *12 Volt 2.6Ah ............. £15.00 
we) PRIRA Y. £20.00 all prices P&P 


CONTINENTAL Cradle RLAs.6,12,24V. 2PCO-£1.50 4PCO .......... 

MARVID B150 Open power. 240V coil. 5A Silver contacts, all brand new and 
boxed. 2PCO-Fype ta r pëe Ke wee 2175. 4PCO 1vgS Lll... £2.29 
MARVID BI5E.240V coil 3PCOSA rated. ll Pin base .............. £3.00 
AMF KUPI4D58.12Vdc coil.3PCO10AÀ. Plug-in ....... aaa. £3.00 
IZUMI PCB RELAYS. *RH1V2-6V SPCO 10A Mini type ............. £1.50 
xRCIV3-12V SPCO 3A-£1.00 *RD2V2 12V 2PCO IA Mini .......... £1.20 
Always in stock-Glass reeds, DIL Reed relays, Axial Reed Relays, Mini Power, 
Crystal Can, Octal, SSRs and all bases. 





































2uF 250Vac Filmcap ACT Polycarbonate. s.s.. nana mn nano e ee SANYO 103-606-2 Stepper. 2 Phase 4 pole 6V 3A ................. 






100/350V Erie KBAllCT ...... £1.00 470/250V Mull 0,52 ......... £0.80 | SHINKOH 20PMA055 Stepper. 1 Phase 3 pole 28V 13A........... £10.00 
2200/16V Rad. Panasonic .... £0.25 2200/63V ITT KSIOA ........ £1.00 | PHILIPS CONTROLS B82959 Stepper. 2 Phase 4 pole. 

2200/200V Mallory CGS..... £2.00 3300/50V Marcon CGF...... £0.50 | 14Vdc Step Angle 7.5 Deg. 27.5 Ohms./Coil ................ 0000. £10.00 
4700/16V Ax.Mull 032 ....... £0.25 4700/25V Mull 050.......... £0.50 | KAWASAKI MC609R-A 6V Cassette Motor, 2400rpm .............. £2.00 






4100/63V Procond 542....... £1.10 10000/16V Rad Nich......... £0.30 | MATSUSHITA MHI5R2C 12V Cassette Motor tregulator ........... £3.00 
10000/40V Lorlin Computer Grade ............ ven nn £2.00 | BERGER-LAHR RDM 50/8G 12 Volt Stepper Motors. 3mm shaft, 230mA/37Q 
We carry a full range of Ceramic, Polyester, Polystyrene, Tantalum, Electro- | per winding. Brand new stock. ONIY. eee eere £6.00 


lytic, Variable and Trimmer capacitors. DC and AC motors always in stock. 


I Industrial Timers Bargain 


A range of high reliability electromechanical timers by IZUMI DENKO All | BREADBOARDS - exciting new range of solderless proto-typing boards at affordable 
units 240 Vac and have 5A contact sets RTMSP2N-Octal base, 2 contact sets, | prices. Mi © AC a 
start on power-up, power off reset. 0-6sec, 0-210sec, 0-28hr. Budget Series - 100 Tie Points. . . £1.70. 640 Tie Points. . . £5.00. 840 Tie Points. . . £6.50. Pro 


. : | Series - 400 Tie Points. .. £4.20. 630 Tie Points... .£7.90. 1660 Tie Points. . . £17.80. 
RTMUMZN--12mm square panel mount. Screw terminals. Specs as above. PANEL METERS, 60mm x 45mm. Cutout 38mm. Attractive Black/Clear plastic construc- 


0-35sec, 0-70sec, 0-210sec, 0-7min, 0-35min, 0-210min 
: ' ; , ' 1 tion. Available 504A, 1004A, ImA, 1A, 5A, 10A. Brand new & boxed. Only.... £6.00 ea. 
RTMSP3B—as above but separate clutch & motor connections DRILLS - Pcb drills 12 Volt. Pin chuck type. . £6.95. 4mm adjust. chuck. . .£7.25. 


Reset on Power off.0-lasec, 0-35sec-0-210sec, 0-28hr MAINS DRILLS - high power 4mm chuck. . £24.75. Drill kits - 12V drill + bits. . £28.50. 
Application sheets available. All timers only ..................5. £10.00 | SIRENS - 12 Volt Ear Piercing l15dB output. Small £9.50, Large £11.50. Ideal Car Alarms, 


etc. | 
. Stop press... FERRIC CHLORIDE - Circuit Etchant Granules. Approx. 280g. Only...£1.65/bag. | 


SOLAR PANELS - 12 ins x 12 ins. 12 Volt 200mA output in British sunlight. | £££££ WE BUY COMPONENTS FOR CASH £££££ 
Loo modo TT cop £10.00 | We also buy good working TEST EQUIPMENT, POWER SUPPLIES, COM- 
PUTER EQUIPMENT, PERIPHERALS and other hardware. 


























































Terms of business I 

Fi use. lod e I, td. Cheque/PO with order. Mail | Please note. This advertisement represents a fraction of our cur- 

order. .phone for details of) rent stock. It would be impossible to list our vast range of elec- 

pep si ia for your order. | tronic components and equipment. As a broadline distributor we 

VS pe vee eke aie have comprehensive stock of semiconductors (linear, logic, 
VISA Shop Hours 

| | memory, LSI and discretes) resistors, capacitors, switches, op- 


9.00am to 5.30pm 
toelectronic products, connectors, potentiometers, fuses, cable, 


6 days a week. 
COE n aT 4 5DD lamps, and new products are constantly arriving. Our technical 
PLEASE ADD 15% VAT TO | and sales staff are always available to handle your enquiry. 


Telephone: 01-994 6275 ALL PRICES 







BARCLAYCARD 
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HUNDREDS OF LOVVER PRICES 
HUNDREDS OF NEVY DEVICES 


from the U.K.'s number one 10096 components shop — 
no gimmicks, no gadgets, no computers, just millions of 
components, all easily available by mail order, calling at shop, 
or credit card telephone orders. Just pick up the phone, or a 
pen, to get the catalogue (no SAE is required) — posted 
FREE to any country on the globe 


CRICKLEWOOD 
ELECTRONICS LIMITED 


40 CRICKLEWOOD BROADWAY 
LONDON NW2 3ET 
Tel: 01 450 0995 & 01 452 0161 
Telex: 914977 
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STAN WILLETTS 


37 High St, West Bromwich, West Midlands, 
B70 6PB. Tel 021 553 0186 
Radio Television Video & Components. 


GRUNDIG infra Red Remote control System VIF-KI (13 function) consist 
Transmitter TPV355 and Receiver VIF-El. Brand new & boxed £5-99, P&P £2 
6 volt battery for same £1-50 extra. 

Box of 10 VIF-El Receivers £12-99 P&P £3-50. 
Circuit diagram for VIF-KlI/El Z5p 










REMOTE CONTROLS Infra-red & Ultra-Sonic Replacement for FER- 
GUSON, JVC., PHILIPS, NORMENDE, THORN, ITT, £22-50, GRUNDIG and 
SONY £25-50 P&P £1. Brand new & boxed, maker guarantee. 










GRUNDIG panels suitable for 2x4 Super Stereo £10 each. Power supply 
panel £29. Head assembly complete with heads £29 P&P £2. 









PYE (V2000) 21VR20 VIDEO/TUNER-TIMER and charger 15 TV channels, 
time memory, brand new & boxed £25. P&P £4. 





V2000 blank Video Tapes VCC360 £6-95. VCC480 £7-99. P&P £l. 









PANEL METERS 72 x 12 rum, moving coil, 25 and 40 AMP. £2 each, P&P £1, 
New & Boxed. 





"HARRY MOSS” 8 Track cartridge player and F/M multiplex stereo tuner 
12 volt. Brand new £5-99, P&P £2. 









"SAXON'' lightweight Sportsman CRONOGRAPH ALARM watch, brand 
new & boxed £2-99, P&P 50p. 

Refurbished TELEVISIONS from £50, TELETEXT £99, VIDEO RE- 
CORDERS, from £59-£199. 

We are interested in purchasing all types of stock-videos, TV's, portable 
cameras, etc. 


ZA . Zenith Electronics 


Kits - Modules - Hardyvare 


wee MAINS CONTROLLER 
IT. 

Control mains loads from low 
voltage /logic sources 

£7.52 inc. VAT & P&P. 

The following are examples of some of our proven product designs in 


kit form: 
* 10 Channel Variable Speed Running Light; Drives 











ioci mu me. nci go hq T. ST £14.97 
* 3 Note Electronic Door Chime unit; 9 volt operation, 

3 melodious tones; variable frequency. Kit................. £9.83 
* Miniature FM Transmitter; 60—145MHz. Kit ................ £6.95 

sac NAM TTE LT 9 A Se DË £8.95 
* 3 Watt FM Transmitter, 80—lO8MHz. Kit ..................- £13.99 

(fp TË er un r—— £18.99 
'* 300 Watt Light Dimmer unit for 240 volt mains lights. 

EI Y d et ee S SL Ro MSN WELL £6.95 
* 4 Code Digital Code unit plus Key Pad—select own 

eus velud scum fe ey CS bre ELE £15.95 
* 5-100 Watt Electronic Loudspeaker Overload 

Protectos, adjustable. Kit. .:... Kah e Madly £11.11 
* VU Meter 10 LED indicator; —5 to t 12dB range. Kit....... £12.59 
* Automatic light controller; automatically turns on 

and off lights at pre-set times and triggered by 

KË GR ll daag PA Meh RA TË HAR m A £25.08 
x Mains Wiring and Metal Detector, R/Built................ £11.00 
x Zenith Speech Processor P-202 R/Built..............-.... £25.00 
'* 18-Watt Car/Home Power Amp. 12-V. Kit... në £13.23 
* Amplifier Power Meter; 10 LED indicator from 

0.25—100 Watt Input—9 volt operation. Kit ................. £9.52 
* Light sensitive relay unit; variable sensitivity trigger 

control; senses light or dark—selectable. Kit............... £8.45 


ALL KITS CONTAIN FULL INSTRUCTIONS: PC.Bs AND COMPONENTS 


S.A.E. For 
—FREE— 


ALL PRICES INCLUDE VAT AND POSTAGE & PACKING. 
OVERSEAS ORDERS—ADD 10% TO ABOVE PRICES. 


PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER. SECI ËT. 





Zenith Electronics, 14 Cortlandt Business Centre, 


Hailsham, E. Sussex, U.K. BN27 1AE. 
Tel: 0323 847973 Telex: 878334 
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DECLINE IN SCIENCE 


Now that the new academic year has started, it is worthwhile ro reflect on 
the reported multitude of unfilled university and polytechnic vacancies in 
science, more particularly physics, mathematics, chemistry, and biology. As 
far as can be gathered, this situation does not exist in western Europe, in 
spite of the greater difficulties there in financing a university course. 





The reasons that our ablest youngsters read classics or English at Oxbridge 
rather than mathematics or chemistry at Southampton are manifold. One 
of them, however, must be status. In our country it is still considered more 
prestigious to be an accountant than a mathematician, physicist, or, dare 
one say it, engineer. 


Now, there is nothing wrong, of course, in being an accountant or bank 
employee. But, as every sensible and intelligent person knows, the world's 
economy is science-led and likely to remain so for a long time to come. 
Most countries are, therefore, formulating their educational policies accord- 
ingly. In this, Britain is, and has been for some time, slowly but surely falling 
behind. 





This is caused in the main by a lamentable apathy on the part of our 
society in general, on short-sighted government policies, and on an in- 
dustrial management that to a large extent seems to be geared to short- 
term gain without investing in the future. 





That the public at large generally does not care much about science is 
clear, for instance, from our complacency at the shortage of secondary- 
school science teachers over the past few decades. 


Government policies aimed at cutting university grants, and thereby forcing * 
universities to become more efficient in running their colleges, have, in the 

main, been successful. But the government has been woefully deficient in 

differentiating between research geared to industrial needs and research 4 
that is, or is likely to be, important to the country in the long term. The 

former should be funded primarily by industry and the latter by the govern- 

ment, at least in the initial stages. The government's attitude to, for in- 

stance, Britain's space research is, in this context, not encouraging. 


The trouble goes deeper, however, and starts well before youngsters go to ! 
university. There has been an increasing tendency for secondary-school 
pupils not to continue science courses beyond their third year. The reasons 

for this are hard to find, but part of the blame for it must be laid with 

educational authorities and teachers for not engendering a strong enough 

interest in science subjects in the early years. The replacement of O-levels 

by the less academic GCSE standards has also not helped. 








There also seems to be a strong case for a rapid review of science 
teachers' pay, which should be increased (in relation to other teachers' 
pay) to remedy the shortage of science teachers in both primary and sec- 
ondary schools. 


However, pay and conditions, important as they are to every individual, 
should not be the be all and end all for our teaching profession. The 
nation can rightfully demand that its first task is to shape and formulate the 
country's educational needs for now and the future. 
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Second AEBLE 15O 
for ES2 


Less than a year after taking 
delivery of a Perkin Elmer 
AEBLE 150 direct-write E-beam 
machine at its San Jose, Califor- 
nia, premises, ES2 is installing a 
second of these machines in its 
ultra-modern Rousset factory in 
the south of France. 

The AEBLE 150, which is the 
very first of its type to be in- 
staled outside the USA, will 
enable ES2 to introduce the first 
direct-write manufacturing line 
for ASICs in Europe. The high 
throughput of the machine will 
enable ES2 to write all layers of 
an IC without the use of masks, 
thus allowing unprecedented 
flexibility in the production of 
prototypes and small quantities 
of parts. 


Power 
semiconductors in 
Europe 

À report just completed by 
Frost & Sullivan, Power & Smart 
Power Semiconductors in 
Furope (#E954), predicts that 
European sales of power 
semiconductors will climb from 
£785 million in 1986 to nearly 
$1.2 billion a year by 1992 (in 
constant dollars). 

The 316-page analysis says that 
the devices, which control 
power in a number of ways, 
have their greatest growth 
potential in the automotive 
field. It is expected that many 
European car makers will 
switch over from relays and 
other electromechanical 
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devices to multiplexing systems 
and SMART power devices 
before very long. (SMART 
semiconductors contain not 
only a power switching device, 
but also the control logic for it 
on a single integrated chip). 
Electronic equipment now ac- 
counts for 2% of the average 
European car's value, and by 
1990 this could reach 8%, ac- 
cording to the report, noting 
that one leading audo firm ex- 
pects to see around 50 power 
modules and six micropro- 
cessors in every car then. 

The four top suppliers in this 
market are Motorola, Philips, 
Siemens, and Thomson. 


The report is available from 
Frost & Sullivan e Sullivan 
House e 4 Grosvenor Gardens 
e LONDON SWIW ODH. 


Cossor radar for 
Zurich Airport 


Zurich Airport has become the 
latest airport to obtain Cossor’s 
monopulse secondary surveil- 
lance radar (MSSR). Radio 
Suisse Ltd has ordered two 
systems to the value of £800,000. 
This is the second Swiss airport 
to install Cossor’s MSSR. Earlier 
this year, Cossor installed a 
system at Geneva, an airport 
where, because of the sur- 
rounding mountains, SSR oper- 
ation had been virtually 
impossible until the monopulse 
system became available. 

Cossors MSSR systems have 
now been ordered by nine 
countries. Forty-one systems 
have been ordered for Canada, 
the first two of which are 
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The size 11 brushless resolver developed by Siemens operates in 
the frequency range of 400 Hz to 5,000 Hz and at a maximum 
speed of 10,000 rev/min. The resolver is designed specifically for 
connection to resolver analogue/digital— RAD —converters, which 
convert the resolver signal (angle information) to an absolue digital 
10- to 16-bit signal. Further information from Siemens AG e 
Zentralstelle für Information e Postfach 103 e D-8000 München 


e Telephone +49 89 2340. 


undergoing integration trials in 
Norwood, Mass, at the plant of 
primary radar manufacturer, 
Raytheon. Systems are being fit- 
ted throughout the UK for the 
Civil Aviation Authority, the 
RAF and the Royal Navy. Earlier 
this year, Cossor announced an 
order for the first three sites in 
Sweden’s national refit pro- 
gramme, and the company has 
also sold the system to 
Australia, Dubai, Greece, 
Bahrain, the People's Republic 
of China, and Saudi Arabia. 


BEAMA working 
party on electricity 
privatization 


The Federation of British Elec- 
trotechnical and Allied 
Manufacturers’ Associations 
has set up a working party on 
privatization of the Electricity 
Supply Industry—ESI—to ad- 
vise the BEAMA Council. 





A new hostile environment bar code lable, specifically for use on 
PCBs is now available from Computype e Oslo Road e Sutton 
Fields e HULL HU8 OYN e Telephone (0482) 835366. 














Ford/IEE Faraday 
Lecture Tour 


| The Ford Motor Company is the 
first motor manufacturer to par- 
ticipate in the IEE Faraday Lec- 
tures since the series was 
founded in 1924. 

The major aims of the IEE's an- 
nual lectures are to stimulate 
the maximum possible interest 


in the field of electrical 
engineering and to pay tribute 
to the father of electro- 


magnetism, Michael Faraday 
(1791-1867). As the pioneer in the 
field of electronics, he gave us 
the transformer, the electric 
| motor, the generator, and the 
! solenoid, and thus unknow- 
ingly laid the foundation for 


many of todays prime 
automotive developments. 
These developments have 


gelled into such a revolution 
that, very soon, some 50% of the 
major components of all new 
cars will either be completely 
electronically controlled or 
employ electronics in some 
form. Ford’s lecture fully ex- 
plores these exciting cars of the 
future. Aptly entitled "The In- 
telligent Car”, it will be 
presented by Mike Westbrook, 
the manager of Ford’s Research 
and Engineering Centre at Dun- 
ton, and members of his techni- 
cal research group. 

Anyone remotely interested in 
the exciting world of 
automative electronics will 
discover something new in this 
unique lecture, of which there 
will be a number of presen- 
tations throughout the country. 
The list of venues and dates is 
as follows. 


November 4 
November 12 
November 18 
December | 
December 8 


December 14/15 
January 13/14 
January 19 
February 4 
February 1] 
February 23 
March 1/2/3 


Odeon 
Conference Centre 
Empire Theatre 

De Montfort Hall 
Scottish Exhibition 
Centre 
Festival Hall 
Octagon Centre 
St David's Hall 
Great Hall 
Ulster Hall 
Mayflower Theatre 
Royalty Theatre 


Admission is free, and by ticket 
only. These tickets must be ac- 
quired in advance from the IEE; 
they are NOT available at the in- 
dividual venues. Phone or write 
the Faraday Officer e IEE e 
Station House e Nightingale 
Road e HITCHIN SG5 IRJ e 
Telephone (0462) 53331. 


Protel schematic 


Engineering Solutions Ltd, sole 
UK distributor of the popular 
PROTEL-PCB Design Program, 
now announces the availability 
of the complementary sche- 
matic drawing package 
PROTEL-SCHEMATIC. 
PROTEL-SCHEMATIC allows 
anyone with an IBM PC (or com- 
patible) to produce  pro- 
fessional quality circuit 
diagrams and to output them to 
a dot matrix printer or pen 
plotter. 

PROTEL-SCHEMATIC is sup- 
plied with a library of more than 
3,000 component outlines and 
has facilities for allowing the 
user to create additional library 
components as required. 

A special feature of the 
program is its comprehensive 
text creation ability: with the aid 
of the bullt-in word processing 
function, text can be placed 
anywhere on the drawing. 
PROTEL-SCHEMATIC costs 
£499. Together with the 
PROTEL-PCB package, which 
costs only £799, Engineering 
Solutions now provides a com- 
prehensive but low-cost 
solution to the designer’s prob- 
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lems of precise control over the 
electronic circuit design 
process. 


Further details from Engineer- 
ing Solutions Ltd e Kings 
House e 18 King Street e 
MAIDENHEAD SL6 IEFe 
Telephone (0628) 36052. 


Total capability in 
thick/thin film hybrids 
Marconi Electronic Devices Ltd 
now has a total capability in 
both thick-fil and thin-film cir- 
cuitry, including hybrid devices 
combining the best of the two 
technologies. The company 
also has a rapid technology 
transfer facility and has been in- 
volved in the establishment of 
advanced microelectronics 
facilities in many. 

Besides the usual applications 
of fine-line conductor definition 
and resistor integration, 
microwave circuit designs from 
the company can now include 
integrated capacitors, air- 
bridge interconnections, solder 


barrier layers, and overlay 
couplers. 

Another new development 
making an impact on 
microwave integrated circuit 


design is MiMAC—Microwave 
Monolithic Alumina Circuit. 
Currently available up to 
20 GHz and under extension to 
40 GHz, MiMAC allows com- 
plete integration of all passive 
components with subsequent 
addition of selected active 
devices. 

This new 
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emerging 
MMIC 
Inte- 


plements the 
gallium-arsenide 
(Monolithic Microwave 
grated Circuit). 

Besides thin film hybrids, a 
complementary RF thick film 
hybrid capability has also been 
introduced. In thick film cir- 
cuitry, specially formulated 
pastes are applied and fired on 
to a ceramic substrate in a 
definite pattern and sequence 
to produce a set of individual 
components, such as resistors 
Or capacitors, or a complete 
functional circuit. 


British Electrostatic 
Control Association 


Fifteen companies involved in 
the supply of equipment, 
materials, and services con- 
cerned with the control of static 
electricity in industry have 
together founded the British 
Electrostatic Control Associ- 
ation—BECA. The objectives of 
the association are to promote 
good electrostatic control prac- 
tice supported by clear and ap- 
propriate information to assist 
proper selection and appli- 
cation. 


British Electrostatic Control 
Association se Heathcote 
House e 136 Hagley Road 
Edgbaston e BIRMINGHAM 
Bl6 9PN e Telephone 021 454 
414]. 
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Video transfer to 
moton film 
Colour Video Services have 
developed a direct transier 
system from videotape to 
35 mm motion picture film that 
compares favourably in price 
with its only (American) com- 
petitor. 
Pictures on the "Superscan" 
system are digitally enhanced 
in both colour and definition. 
The process requires three 
basic units: a television signal 
processor, a display unit, and a 
fiim camera. It eliminates or 


disguises many of the 
blemishes common to video re- 
cording. 


Possible applications are varied 
and include, for instance, the 
transfer of TV advertisements 
for distribution through 
cinemas. 


Details from Colour Video Ser- 
vices ltd e 22-25 Portman 
| Close e Baker Street e LON- 
DON WIA 4BE e Telephone 
01-486 2881. 


CICSS decoder 
panel 


Communication Development 
Specialists now manufacture a 
clone of the TAIT 311 Panel. The 
board is compatible with the 
original TAIT equipment and 
can be used as a direct re- 
placement. 

The panel provides the facility 
to decode any of the 38 CTCSS 
subtones when used in con- 


junction with the T3ll Master 
Interface control card. 


Details from CDS Ltd e PO Box 
83 e BASINGSTOKE RG25 
2PX e Telephone (0256) 83528. 


BASYS success in 
Scandinavia 


BASYS, the newsroom computer 
company owned by ITN, has 
been chosen by the Norwegian 
State Broadcasting Company— 
NRK—as the supplier for a 
newsroom system serving all of 
Norway's radio and TV news 
operations. The system will 
have 80 terminals and another 
40 peripheral devices (printers, 
telex interfaces, and so on) and 
will operate in Norwegian. 

Another BASYS customer in 
Scandinavia, the Finnish 
National Broadcasting 
Organization—YLE—which has 
been working with BASYS since 
1986 and has almost 100 ter- 
minals in operation, is carrying 
out a system expansion. YLE is 
to add another 72 terminals to 
the system in Helsinki. This is 
part of a much larger expansion 
programme which will extend 
the system to all parts of 
Finland, and which will make 
YLE's computer system on of 
the biggest of its kind in any 
broadcasting organization. 

Now, the Swedish State Radio 
Broadcasting Company, 


Sveriges Riksradio AB, has fol- 
lowed the Norwegian and Fin- 
nish broadcasting companies in 
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selecting BASYS. Under a re- 
cently signed contract, BASYS 
will install a computer system in 
the newsrooms of the Swedish 
Broadcasting Company. 

As in Norway and Finland, the 
Swedish system will be based 
on DEC MicroVAX II computers 
linked to BASYS communication 
concentrator units. In the first 
stage of the contract, a total of 
12 devices will be installed on 
the system, including 45 ter- 
minals and printers, wire agen- 
cy interfaces, telex, and 
modems. The system will later 
be expanded to link all of 
Swedish Radios regional 
stations. 

In recent months, BASYS has 
signed a number of other con- 
tracts, and Swedish Radio joins 
a long list of users that includes 
BBC TV and Radio; Channel 
Four News; TV-am; ITN; 
Cranada; Anglia; Channel TV; 
Business Television and Air TV; 
the Swiss Broadcasting Corpor- 
ation; the Italian Broadcasting 
Corporation; France's La Cinq; 
the Broadcasting Corporation 
of New Zealand; NBC; ABC; 
and the Cable News Network. 


Cableship for 21st 
century 


A £28 million  cableship 
ordered by Cable & Wireless 
has been designed to meet the 
future needs of high-capacity 
submarine optic cable systems 
around the world. The ship, 
which will carry a remotely 
controlled submarine, is due to 
be delivered in early 1989. It 
will be built by Swan Hunter 
Shipbuilders of Wallsend. 

Cable & Wireless owns and 
operates the world's largest 
fleet of commercial cableships. 
It operates seven of them, as 
well as two submersibles. 

The new ship will be similar to 
the company's Pacific Guar- 
dian, which was completed by 
swan Hunter in 1984 and has 
proved to be a highly suc- 
cessful design. It will be ice- 
strengthened and fully air- 
conditioned to enable it to 
maintain cables in any part of 
the world, irrespective of 
climate. Its precise deployment 
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has not yet been decided, but it 
is expected to take over from 
one of the older vessels in the 
company's fleet. 


Through-the-glass 
keypads for New 
Zealand 


The revolutionary through-the- 
glass keypad from TTC Com- 
munications Ltd has been 
ordered by EMU International, 
the New Zealand communi- 
cations specialist. The keypad 
will be a vital part of an easy-to- 
use public information system, 
which will be installed through- 
out New Zealand. 

Tourist information, including 
bus, train, and ferry timetables 
for the whole country, will be 
available 24 hours a day from 
EMU's Electronic Marketing 
Unit, which will incorporate the 
keypad. All it takes to operate 
the system are a few touches on 
the glass surface behind which 
the keypad is installed. In 
response to such external 
finger pressure, the information 
is flashed up onto a video 
screen behind the glass. 





the photograph, Mike 


In 
Johnson and Paul Turner of 
EMU congratulate themselves 
on tying up the deal with the 
New Zealand authorities. 


Further information from 
Balthazor Press & Public Rela- 
tions e Balthazor House e 
Church Street e SEAFORD 
BN25 IHD e Telephone (0323) 
897469. 
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3Com Corporation 
in Scandinavia 


One of Scandinavias major 
distributors of computer prod- 
ucts and services, Datateam, 
has signed an agreement to be- 
come authorized distributor of 
3Coms full line of networking 
products for workgroup com- 
puting applications. 

At about the same time, it was 
announced that Ericsson Infor- 
mation Systems AB has renew- 


ed its Original Equipment 
Manufacturer- OEM— 
agreement to carry 3Com 


workgroup computing prod- 
ucts worldwide for the fifth con- 
secutive year. The one-year, 
renewable agreement 1S 
estimated to be worth $2 
million. 


Single-mode 
fibre optic 
multiplier 


Amphenol has announced the 
945 Series single-mode 
| Wavelength Division 
Multiplexing—WDM—fibre op- 
tic couplers. 

These couplers combine or 
divide signals of differing 
wavelengths onto, or from, a 
single optical fibre. They have 
low insertion loss and high 
wavelength isolation. Isolation 
is maintained over the tempera- 
ture range of 0-90 “V, and for 
random input polarization 
states. The small and rugged 
packages have two operating- 
wavelength options. 


—— 





In communications, the WDM 
couplers are ideal for bi- 
directional data links, and for 
increasing the capacity of exist- 
ing fibre optic networks. 
Further applications are in test 
and measurement, talksets, and 
multi-channel light sources. 
Operating wavelengths are 
1300/1530 nm or 1300/1550 nm. 
Wavelength isolation is less 
than 20 dB. Centre wavelength 
tolerance is t5 nm. Port con- 
figurations are 2x2. 


Further details from Amphenol 
Ltd e Thanet Way e 
WHITSTABLE CT5 3JF e Tele- 
phone (0227) 264411. 


Worldwide electronic 
picture editing 
Newspaper picture editors 
from many countries will be 
choosing photgraphs for their 
news pages from desktop video 
screens within two months. 
Reuters News Picture 
Terminals—RNPT—is com- 
plementing its existing wired 
hard copy picture service with 
a dail selection of pictures 
sent by satellite and land lines. 


The screens are being 
distributed throughout the 
world. 


More than 100 pictures can be 
stored and the receiving editor 
can flash 16 of them on screen 
in mini format size before mak- 
ing a selection. The chosen pic- 
ture can then be adjusted for 
contrast and scaled for 


newsprint reproduction before 
being printed at the press of a 
button. Printing can take place 
up to 100 metres from the 





desktop terminal. Subscribers 
will soon be able to interface 
the RNPT with computerized 
page make-up systems. 

Details from Reuters News Pic- 
tures e 85 Fleet Street e LON- 
DON EC4P 4AJ. 


leading telex into 
the 1990s 


Designed to lead telex into the 
1990s, the Opal modular telex 
system from Trend Telecom- 
munications has a printer and 
controller that can be located 
up to 20cm away from the 
operator's desk. British 
Telecom has decided to market 
the Opal system under the 
Leopard name as a replace- 
ment for the long- established 
Puma, which is also made by 
Trend. 


Details from Trend Telecom- 
munications Ltd e Knaves 
Beech Estate e Loudwater e 
HIGH WYCOMBE HP10 9QZ. 


Racal to provide UK 
Pan-European digital 
cellular radio service 


Following the recent announce- 
ment by john Butcher, 
Parliamentary Under Secretary 
of State for Industry that Racal- 
Vodafone is to be one of the two 
companies to provide the UK 
part of the Pan-European digital 
cellular radio service due to 
come into operation in 1991, Sir 
Ernest Harrison, Chairman and 
Chief Executive of Racal Elec- 
tronics said that this decision 
was a further vote of confidence 
in Racal-Vodafone, which has 
now wel over 100,000 
subscribers. He said that the 
Vodafone analogue (TACS) net- 
work will increase its capacity 
to 600,000 subscribers and that 
this wil cope with all an- 
ticipated growth until at least 
1992. 

In May this year, Racal was a co- 
signatory to the Pan-European 
Quadripartite Agreement be- 
tween the United Kingdom, 
France, Germany, and Italy. 
Racal has made a significant 
contribution to a Memorandum 


of Understanding with other 
European operators. This com- 
mits the signatories to a de- 


tailed timetable for the 
procurement and  establish- 
ment of the new digital network 
services. 

The government decision em- 
phasizes the importance of the 
formation of Orbitel Mobile 
Communications Ltd, a 
company owned equally by 
Racal Electronics PLC and the 
Plessey Company PLC. This was 
formed mainly to design, de- 
velop, manufacture, and market 
infra-structure and subscriber 
equipment to meet the re- 
quirements for the pan- 
European digital cellular radio 
system in the UK, on the Conti- 
nent of Europe, and for 
worldwide sales. 


Worldwide Skyphone | 
set for take-off 


The final countdown has started 
for British Telecom's Skyphone 
with the award of a £2.6 million 
contract for the quipment 
which will automatically con- 
nect airline passengers’ tele- 
phone calls to customers on the 
ground. 

The contract, with E.B. Com- 
munications (CB) Ltd, means 
that British Telecom 
International —BTI—has now 
completed the purchasing of all 
the major equipment and soft- 
ware required for Skyphone. 
Trials of the service, with calls 
connected by the operator, will 
begin next April on three 
British Airways 747 airliners, 
allowing passengers to make 
international calls during flight. 
The new contract represents a 
first for BTI, because the equip- 
ment will be the first designed 
to meet the full INMARSAT 
aeronautical standards for 
ground earth stations. It will be 
installed at BTI's satellite earth 
station at Goonhilly Downs in 
Cornwall. 
Skyphone is BTI’s satellite 
aeronautical communications 
system currently being 
developed and tested under a 
collaborative agreement be- 
tween BTI, Racal, and British 
Airways. 
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LSI Logic in licensing 
agreement with ASIX 


LSI Logic has concluded an 
agreement to license its pro- 
prietary ASIC design verifica- 
tion software and applicable 
libraries to ASIX Systems Cor- 
poration. 

Design engineers who have 
used LSI Logic's modular 
design environment software 
tools to design ASIC products 
can now recreate simulation in- 
put files, and use the resulting 
files to automatically produce a 
test program. Using the ASIX 
test system, the design 
engineer can verify a design in 
an integrated software environ- 
ment. 


Computer security 


Computer security in the in- 
stitutions of Europe—from 
government to universities to 
industry—is a growing concern 
in what will be a $363 million 
market in the EEC by 1991: 
equipment to protect the com- 
puter room. 

Computer Room Environment 
Equipment in the EEC (#E93}), 
a 273-page report from Frost & 
Sullivan, says that the need to 
cool processors and the 
presence of intensively used 
peripheral equipment requir- 
ing a special environment has 
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SPENDING ON ANCILLARIES FOR 
COMPUTER ROOMS IN THE EEC - 1986 


been, and remains, the main 
reason for building computer 
rooms. But, it adds, while heat is 
the most common culprit to be 
controlled, the need to keep 
facilities secure is an increas- 
ingly important factor. 

Thus, while the market for an- 
cillary computer room equip- 
ment is predicted to increase 
by about 90% in volume be- 
tween the base year 1985 and 
199], access control gear will in- 
crease by 106%. 

With reference to the bar chart, 
it Is interesting to note that in 
spite of the de-industrialization 
in the UK, the country remains 
the EEC's second largest con- 
sumer of computer-room gear. 


The report is available from 


| Frost & Sullivan e Sullivan 


House e 4 grosvenor Gardens 


e LONDON SWIW ODH e 
Telephone 01-730 3438. 


TED provides help for 
developers 


New software to ease and 
speed program development 
with the aid of microprocessor 
emulators has been announced 
by Pentica Systems. The TED 
Terminal Emulation Develop- 
ment) system provides a com- 
plete menu-driven develop- 
ment environment, giving ac- 
cess to the user’s own editor, 
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compiler, and other programs. 
As well as MS-DOS-compatible 
TYPE and PRINT commands, 


TED includes a UNIX-style 
MAKE utility which, once set 
up, initiatates compilation, as- 
sembly, and linking of a com- 
plete program with one com- 
mand. The system has the intel- 
ligence to recompile only the 
source files that have been up- 
dated since the previous link. 


Further information from Pen- 
tica Systems Limited e Station 
Industrial Estate e Oxford 
Road e Wokingham RGI 2YQ 
e Telephone (0734) 792101. 


Translating speech 
by computer 

People who can not speak a 
word of each other's language 
will soon be able to talk over 
the phone with the aid of a 
system developed by British 
Telecom. 

The world's first instantaneous 
translation of speech by com- 
puter was unveiled by BT's 
Research Laboratories recently 
when simple sentences in 
English were translated into 
French and vice versa. 

The prototype equipment can 
translate English into German, 
French, Spanish, Swedish, and 
Italian. The reverse capability is 
being developed. 

The system recognizes spoken 
proper names and makes no at- 
tempt to translate them, for in- 
stance, by rendering Mr White 
into Monsieur Blanc. Instead, 
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the names are repeated in the 
original speaker's voice in the 
translation. 


Kinburn completes 
AES acquisition 
Kinburn Technology Corpor- 
ation of Ottawa has announced 
that it has completed the ac- 
quisition for $16.5 million of all 
the outstanding shares of AES 
Data Inc. of Montreal. The AES 
headquarters wil remain in 
Montreal. 


Altos for EMAP 

Printing and publishing 
systems specialists Microdrive 
Systems has won a contract 
worth over £200,000 from EMAP 
Newspapers Ltd to install inte- 
grated advertisement sales and 
accounting systems at three of 
its regional companies. 

Based on Altos Models 3086, 
2086, and 1086  multi-user 
microcomputers, thirty Wyse 
visual displays, and thirteen 
Genicom and OKI printers, the 
systems will be installed at 
Welland Valley Newspapers in 
Stamford and Melton Mowbray; 
at West Suffolk Newspapers in 
Bury St. Edmunds; and at West 
Norfolk Newspapers in Kings 
Lynn. Hardware maintenance 
will be provided by 
Microdrive's distributor, 
Logitek PLC. 


Psion Organizer Il 


The Psion Organizer II is a 
powerful hand-held computer 
with up to 304K of on-board 
memory that is intended for a 
multitude of applications. It 
comes with built-in menu- 
driven programs, but can be 
programmed to the user's in- 
dividual needs with the aid of 
the builtin OPL programming 
language, and run off-the-shelf 
software by plugging in op- 
tional program packs. 





The Psion Organizer II can be 
used as a clock, a calendar, fil- 
ing cabinet, diary, calculator, 
accountant, reference library, 


mathematician, bar code 
reader, magnetic card reader, 
formatter, eraser, and much 
more. 

Available from Psion Limited e 
Psion House e Harcourt Street 
e LONDON WIH 1DT e Tele- 
phone 01-723 9408. 


New computer 


publication 
To help users get and stay 
ahead in information tech- 


nology and office practice 
through events and training, a 
new international quarterly 
guide has been launched. En- 
tiled Whats on in Comput- 
ing...Communications and 
Managemerit and published by 
Tomorrow's Office Today Publi- 
cations, the guide should prove 
useful not only to users, but also 
to firms who market computers 
and computer-related prod- 


ucts, and communications and ' 





management equipment and 
services at home and overseas. 
The new publication is printed 
on A4 paper and the first issue 
runs to 36 pages. A sample 
copy costs £5 (UK) and £8 
(overseas). Annual subscription 
rates are £19.50 (UK) and £28.50 
(Overseas) including postage. 


Further information from TOT 
Publications @ Hatfield 
LOdge e 30 Granville Road e 
CLACTON-ON-SEA C)I5 6BX 
e Telephone (0255) 420553. 


Analogue isolation 


board 


Arcom’s SCBI2 signal condi- 
tioning board offers control 
systems designers four chan- 
nels of 1,000V isolation for 
heavy-duty real-world interfac- 
ing. The board includes à stan- 
dard signal-conditioning inter- 
face, which allows direct inter- 
face to STEbus modules. 

The SCBI2 is based on the 
Analog Devices' AD204 
chopper-driven isolation ampli- 
fier, and offers adjustable gain 
in addition to 1,000 peak iso- 
lation. Users can select unit, 
x10, or x 100 amplification. 





Also included on-board is ac- 
tive filtering for noise rejection. 
In its standard form, the SCBI2 
works from either a voltage in- 
put or a jumper-selectable 4- 
20 më current loop input. 


Further details from Arcom 
Control Systems e Unit 8 e 
Clifton Road « CAMBRIDGE 
CBl 4WH e Telephone (0223) 
411200. 


New ROM program- 
ming technology 


National Semiconductor has 
developed a new technology 
that employs a high-energy ion 
implantation process to 
program a microcontroller's on- 
chip ROM after the wafer has 
been metallized. National’s 
popular COP400 family of four- 
bit microcontrollers are the first 
chips to benefit from this quick- 
turn ROM programming pro- 
cess. | 

Called Post Metal Program- 
ming, the new process has 
been fully qualified and is now 
being used to program 


National's COP4]3L—a very r 
iopular four-bit microcontroller 


sells at a very competitive p 


rice compared to other micro 
(rouers. 








Teradyne wins 
Hitachi order 


Teradyne has broken into the 
Japanese memory market with 
the sale of a J937 Memory Test 
System to Hitachi for $1.3 
million. In addition to testing 1- 
and 4-bit dynamic and static 
RAMs, the system will be used 
to test high-speed video RAMs. 
Hitachi also purchased 
Teradyne’s Factory Integration 
and Resource Management 
System—FIRMS—which will be 
used to integrate the test system 
with the factory’s Management 
Information System. 





The Kone AT1290 Graphics Processor has a resolution of 

1280 x 1024 pixels and is completely compatible with the IBM pro- 
fessional graphics controller, but is 20 times faster. Further infor- 
mation from Kone Oy Instrument Group e Industrial Division e 
Jouko Ala-Tuori e Ruukintie 18 eSF89 02320 ESPOO e Finland 
e lelphone +358 0 801 70 11 e Telex 122441 














BEEN E 
THE BIRTH OF SATELLITE 





COMMUNICATIONS 


Tyenty-five years ago worldwide communications entered a new 
era. Telstar, the world's first commercial communications satellite, 
was launched on July 1O, 1962, and the first live television signals 
via satellite were received by British Telecom's Goonhilly earth 
station in the early hours of the following morning. 


In October 1945, the magazine 
Wireless World published an 
article by Artur C. Clarke, today 
probably better known as the 
autor of 2001—À space Odyssey, 
entitled — Extra-terrestrial re- 
lays—can rocket stations give 
worldwide radio coverage? 
Arthur C. Clarke commented in 
his article: "Many may consider 
the solution proposed in this 
discussion too farfetched to be 
taken very seriously" Yet his 
idea was to prove the blue-print 
for today's satellite communi- 
cations network. 

He accurately predicted the or- 
bital velocity that a rocket 
would need to become an ar- 
tificial satellite, or second 
moon, circling the world with 
no expenditure of power. He 
also predicted that a satellite 
circling the earth above the 
equator at a certain height 
would appear to be stationary 
to the earth and that three such 
satellites could give global 
radio coverage. 

He further predicted that devel- 
opment of rocket technology, 
started by the Cermans during 
the second world war, would 
Soon make it possible to place a 
satellite in orbit. 

Today, reality has caught up 
with science fiction as British 
Telecom International-BTI- 
handles more than three million 
minutes of telephone calls, tele- 
vision pictures, data, facsimile, 
and telex, every day through 
Goonhilly and its other inter- 
continental links. 

About 90 per cent of the world's 
telephones—some 600 million 
of them—in 173 countries can 
be dialled direct from the 
UK. Telephone services are 
provided to more than 200 
countries and each day more 
than 500,000 calls are connec- 
ted from the UK to the other 
countries. 


Fig. 1. The Olympus satellite is one of the largest and most 
powerful in the world. Photograph courtesey of British Aerospace. 


The early Telstar 
demonstrations and 
tests 


In the Spring of 1961 it was 
jointly announced in the United 
Kingdom, the USA and France 
that the US National Aeronautics 
and Space Administration 
(NASA), the French Centre for 
Telecommunications Studies 
and British Telecom, as its 
predecessor Post Office Tele- 
communications, would  co- 
operate in a programme for 
transatlantic testing of com- 


2 





munications satellites. 
At the same time it was an- 
nounced that satellite earth sta- 
tions would be built in England 
and France "for the reception 
and transmission of telephone, 
telegraph and television signals 
across the Atlantic using 
satellites to be launched by 
NASA during 1962 and 1963.” 
Work began shortly afterwards 
to build the UK's first satellite 
station at Goonhilly Downs in 
Cornwall. The site was chosen 
because it was as far west as 
possible to obtain the maximum 


I 





Fig. 2. A small section of Goonhilly Downs Earth Station: in the 
foreground Aerial No. 7. Photograph courtesy of British Telecom. 


ee nn ——— —————————— Hr ——— P — ——— NáÀ —— ————À Á— a — M —U: 


period of visibility to the United 
States via the satellite, to be 
remote from sources of elec- 
trical interference, and to pro- 
vide an onobscured view to the 
horizon for the longest possible 
contact with the satellite. 

In less than a year from gaining 
access to the site the station was 
ready. A massive, steerable 
dish antenna, weighing 870 
tonnes with a 25.9m dish had 
been built. All ofthe equipment 
on the station was of British 
design and manufacture, with 
the exception of one Ámerican 
transmitting klystron valve. 

The British design was the odd- 
man-out among the three earth 
stations to be used for the tests. 
Both the American station at An- 
dover, Maine, and the French 
station at Pleumeur Bodou in 
Britanny were equipped with 
horn antennas housed in 
radomes. The British station had 
cost around £800,000 to com- 
plete, about a quarter of the 
cost of the American and the 
French stations. 

In early July 1962 it was an- 
nounced that Telstar would be 
launched from Cape Canaveral 
on either July 10 or II. 

The successful launch took 
place at 8.35 GMT on Tuesday, 
July 10, and the desired orbit 
was achieved. With  Telstar 
circling the earth at heights 
varying between 590 and 3500 
miles, it was possible to achieve 
three or four periods during 
each 24 hours when mutual 
visibility between Goonhilly 
and Andover lasted for 30 to 40 
minutes. 

During these periods the anten- 
na at Goonhilly had to be ac- 
curately manoeuvred to follow 
the satellite from the moment it 
rose above the horizon until it 
again disappeared from view. 
The signal transmitted from the 
antenna to the satellite was con- 


centrated into a narrow beam, 
one-fifth of a degree in width, 
so absolute precision was 
necessary. To maintain this ac- 
curacy in high wind meant that 
the antenna had to be massive 
and sturdy. In order to move the 
antenna so accurately it was 
equipped with electric motors 
of some 100 horse power. How- 
ever, the engineering design 
resulted in such good balance 
and smooth movement of the 
antenna that normaly less than 
two horse power was required 
under reasonable weather con- 
ditions. 

The primary purpose of the 
Telstar satellite tests was to ac- 
quire data on which to base the 
future design of satellite 
systems for commercial oper- 
ation. However, during the 
period from July 10 to July 27 a 
number of demonstrations 
were carried out which il- 
lustrated the potentialities of 
satellite systems for world-wide 
telecommunications. 


In the early hours of July 11 the 
first usable orbits were the sixth 
and seventh and the first at- 
tempt at television reception 
was made. Reception was 
decidedly poor. Some experts 
were quick to blame Goon- 
hilly’s unique antenna design, 
and The Times described the 
experiment as "an almost total 
failure". Some experts said the 
antenna was too heavy and 
cumbersome to accurately 
track the satellite, others 
blamed the driving mechanism. 
The problem proved to be that 
one component had been fitted 
the wrong way round and it was 
a twenty-minute job to correct 
it. The effect of the incorrect fit- 
ting had been to reverse the 
direction of the wave polariz- 
ation of the antenna, relative to 
that of the satellite, introducing 
a serious weakening of the 
strength of signals received. 
The problem arose because of 
an ambiguity in the accepted 
definition of the sense of ro- 
tation of radio waves; a difficulty 
which had been encountered 
both in the USA and the UK in 
the period just before the tests. 
With the correction made, ex- 
cellent pictures were received 
on orbit 15 during the evening 
of July ll, and during orbit 16 
the first live television trans- 
mission between Europe and 
the USA was made from 
Goonhilly to Andover. The pic- 
tures and sound received at An- 
dover were reported to be of 


Fig. 3. The first of the dish antennas to be installed at Goonhilly 
Downs. Photograph courtesy of British Telecom. 


Fig. 4. Aerial 6 is Goonhily's largest dish with a diamter of 32 m. It 
was also the first ''dual frequency'' antenna, able to transmit and 
receive on two different frequencies simultaneously. Photograph 
courtesy of British Telecom. 





Fig. 5. The latest of the antennas (No. 10) to be installed at 
Goonhilly Downs. Photograph courtesey of British Telecom. 
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excellent quality and were 
broadcast as received through- 
out the USA. 

On July 12 the first two-way 
transatlantic telephony tests 
were made, showing that good- 
quality, stable telephone cir- 
cuits with low noise levels had 
been achieved. These tests 
were to be followed two days 
later by the first transatlantic 
telephone call and photo-tel- 
egraphy (facsimile) trans- 
mission via satellite. 

On July 14 during orbit 34, the 
director general of the Post Of- 
fice, Sir Ronald German, spoke 
from his home in London to the 
president of American Tele- 
phone 
(AT&T), Mr. Eugene McNeely, in 
New York. Simultaneously, one 
pair of channels was used to 
send facsimile pictures be- 
tween London and New York. 
On July 15 tests to assess the 
ability of a communications sat- 
ellite to carry large numbers of 
telephone circuits were carried 
out during orbit 43. These 
demonstrated that at least 600 
first-grade international circuits 
should be possible by satellite. 
The first transmissions of colour 
television signals by satellite 
were made from Goonhilly dur- 
ing orbits 60 and 61 on July 16. 
With the co-operation of the 
BBC's research and designs 
department, who provided a 
colour slide scanner and moni- 
tor equipment, the signals, on 
525-line NTSC standards, com- 
prised captions, test cards and 
still pictures to assess colour 
quality. The transmissions were 
initially made from Goonhilly to 
the satelite and back to 
Coonhily but were also re- 
ceived in Andover. Andover 
reported: "Colour—good; pic- 
ture quality—excellent''. 
During orbit 87 on July 19 satel- 
lite communications were 
opened up to the press. 
Twenty-four calls were made by 
the British. press from Fleet 
Building in London, to the 
American press in New York. 
On July 23 during orbit 125 an 
18-minute long programme 
from the European Broad- 
casting Union was transmitted 
from Coonhilly to Andover. The 
programme consisted of 
scenes from many European 
countries and was transmitted 
by the Eurovision link to 
Goonhilly, from Goonhilly to the 
satellite, and was received at 
Andover and broadcast 
throughout the USA. 


and Telegraph Co | 
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During orbit 151 on July 26, the 
Telstar link between Goonhilly 
and Andover was used to pro- 
vide telephone circuits for the 
US Information Agency involv- 
ing conversations between 
"notable persons” in 20 pairs of 
cities in the USA and Europe for 
the — Agency's "People-to- 
People" programme. The cir- 
cults were reported as ex- 
cellent. 

The Telstar tests confirmed that 
communications satellites 
could provide high-quality, 
stable circuits for television and 
multi-channel telephony. The 
performance of Coonhilly earth 
station was reported as ex- 
cellent in every respect, and 
the equipment, almost all of 
which was of a unique new 
design, had worked well. In 
fact, Goonhilly’s antenna 
design was to prove, as had 
Arthur C. Clarke’s idea, to be 
the blue-print for the future. 


A brief history of 
Goonhilly satellite 
earth station 


The choice of Goonhilly 
Downs, on the Lizard Peninsula 
in Cornwall, as the site of the 
United Kingdom’s first satellite 
earth station, was made for 
exactly the same reasons that 
Guglielmo Marconi chose the 
Lizard for his pioneering work 
in maritime and international 
"wireless"  telegraphy. The 
Lizard offers an uninterrupted 
view across the Atlantic and 
little electrical interference. 
The first transatlantic wireless 
message was sent from the 
Lizard on December 12, 1901. 
Three faint but discernible 
"dots" of the Morse letter "S" 
were sent from  Marconi's 
transmitter at Poldhu and re- 
ceived by him in New- 
foundland, Canada. A year later 
Poldhu sent a signal to the 
vessel Philadelphia more than 
2000 miles away in the ocean. 
Long-distance — telecommuni- 
cations had been born. 

Sixty years later the advance of 
technology had made satellite 
communications, first proposed 
by the author and scientist Ar- 
thur C. Clarke in 1945, a realistic 
| possibility. The United King- 
dom, the USA and France an- 
nounced in 1961 that they would 
co-operate in a programme for 
the transatlantic testing of com- 
munications satellites. 

The search for a suitable site in 
the UK for the station that would 





Fig. 6. A British Telecom rigger examines the steelwork of Goonhilly 
Eart Station's antenna No. 6. Photograph courtesey of British 


Telecom. 


receive the signals from the 
satellites, ended in the Lizard, 
on the flat expanse of Coonhilly 
Downs. 

The Lizard offered an unim- 
paied view of the Atlantic 
horizon, giving the longest 
possible contact with the low- 
orbiting satellites then being 
used. It suffered from little elec- 
trical and radio interference; 
was well placed to connect 
with inland communications, 
power supplies and transport 
links: and had a climate with 


moderate rainfall, little seasonal 
variation in temperature and 
only occasional snow. 

Equally important was the 
geology of the area. The 
serpentine bedrock reaching a 
thousand feet deep would give 
vital support to the massive 
weight of the antennas. 

Within a year of obtaining 
possession of the site, the first 
antenna, the control room and 
its associated equipment were 
installed and ready for the first 
tests which would use the 





Fig. 7. A section of the control area at Goonhilly Downs. Photo- 
graph courtesey of British Telecom. 





Telstar satellite, to be launched 
by the US National Aeronautics 
and Space Administration 
(NASA) on July 10, 1962. 

Those tests confirmed that 
satellites could have a commer- 
cial future in international com- 
munications. During a period of 
16 days several world-firsts went 
into the record books—the first 
live television transmission be- 
tween Europe and the USA, and 
the first telephone calls, fac- 
simile transmission and trans- 
mission of colour television by 
satellite. 

Because of the low orbit of 
Telstar—between 590 and 3500 
miles above earth—the satellite 
was only usable for three or 
four 30-to-40 minute periods in 
each 24 hours. As the satellite 
raced across the sky from 
horizon to horizon, the antenna 
had to be nimble enough to 
follow the satellite to one-fifth of 
a degree's accuracy during 
each of these brief visits. 
Aerial 1 at Goonhill was a 
unique design - an 870 tonnes 
"dish" antenna, compared to 
the French and American horn 
antennas enclosed in radomes. 
Some initial problems during 
the first usable orbits of Telstar 
caused experts to blame the 
design of the British antenna, 
but a small problem with a com- 
ponent which had been fitted 
faultily proved to be a twenty- 
minute job to correct and the 
antenna then went on to estab- 
lish its world-firsts. 

Goonhilly Station had cost 
around £800,000 to complete, 
about a quarter of the costs of 
the American and French sta- 
tions, and it was the unique 
design of the British dish anten- 
na which was to go on to be- 
come the norm for satellite 
communications throughout 
the world. The dish design is 
now used generally by nearly 
700 satellite stations in more 
than 150 countries. 


Following the successful tests 
with Telstar an international sat- 
ellite organisation was set up in 
August 1964 - INTELSAT. Interim 
agreements were signed by ll 
member nations - the USA, UK, 
Canada, Denmark, France, Italy, 
Japan, the Netherlands, Spain, 
the Vatican City State and 
Australia. Today INTELSAT is 
owned by more than 100 
member countries. 

INTELSAT launched its first sat- 
ellite into orbit in April 1965. 
The satellite, INTELSAT 1, 
known as Early Bird, was a 


high-orbiting satellite in "geo- 
stationary orbit". 

Arthur C. Clarke had proposed 
in his 1945 paper that satellites, 
circling the earth above the 
equator at a certain height, 
would appear to be stationary 
to the earths surface—their 
period of orbit would exactly 
match that of the earth's natural 
rotation. That distance was 
22,300 miles above the equator. 
After INTELSAT I's successful 
launch to this height, commer- 
cial service opened in June 
1965. 

Arthur C. Clarke had also pro- 
posed that three satellites in 
geostationary orbit could give 
world-wide radio coverage. 

À second satellite—INTELSAT 
II—was launched in December 
1966, and at the same time, 
Aerial 1 at Goonhilly, which 
now no longer needed to track 
low-orbiting satellites across 
the sky, had an extra reflecting 
surface added, pushing its 
| weight up to 1100 tonnes. 
Satellite communications had 
now truly entered commercial 
operation. As the demand for 
transatlantic TV and telephone 
transmission grew, so did 
Goonhilly with the addition of 
Aerial 2 in 1968. 

By 1969 three geostationary 
satellites were in orbit, fulfilling 
Arthur C. Clarke’s prophesy 
of global communications. 
INTELSAT III was positioned 
above the Indian Ocean and de- 
mand for satellite communi- 
cations with the Far East grew. 
To meet this need Aerial 3 was 
brought into service in 1972. 
Aerial 4 was added in 1978, to 
meet an ever-increasing de- 
mand for communications 
across the Atlantic. This was 
also one of the first antennas in 
the world to use the 11/14 GHz 
frequency as soon as it became 
available for business satellite 
communications. 

Demand for satellite communi- 
cations grew by 20 per cent a 
year during the 1970s and early 
1980s. Further satellites were 
put into orbit and in October 
1978 a second earth station was 
brought into service by British 
Telecom at Madley in 
Herefordshire. 

Demand for specialist sevices 
also grew during this period 
and in 1983 Aerial 5 at Goonhilly 
was completed to provide satel- 
lite services to ships at sea. 

At the same time Aerial 6 was 
being built to provide further 








Fig. 8. Children from a nearby primary school being shown a model 
of the Intelsat V satellite. Photograph courtesy of British Telecom. 


tic route. Aerial 6 is Goonhilly's 
largest dish with a diameter of 
32m. It was also the first "dual- 
frequency" antenna, able to 
both transmit and receive on 
two frequencies simultaneously 
—doubling potential capacity. It 
entered service in September 
1985. 

While aerial 6 was being built, 
Aerial 7 was also being brought 
into service to provide leased 
TV services to North America. 
With continuing growth in de- 


mand for satellite communi- 
cations, British Telecom 
announced plans in August 
1983 to built a third earth station 
in London's Docklands, primar- 
ily for satellite TV distribution 
and specialised business ser- 
vices. The London Teleport, in 
North Woolwich, opened for 
operation in February the next 
year—less than six months after 
site clearance began. 

Aerial 7 at Goonhilly, initially 
used for TV circuits, is now be- 





Fig. 9. The antennas are painted regularly: each one takes a 1000 
| gallons of marine paint and two full seasons' painting. Photograph 
capacity on the busy transatlan- | courtesy of British Telecom. 
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ing used for the trial of 
Skyphone—a telephone service 
to aircraft in flight—which is 
due to start by the end of this 
year. | 
Meanwhile Aerials 8, 9 and 10 
have been built These are 
small-dish antennas below 14m 
in diameter. They are used for 
research and development, and 
to provide monitoring and con- 
trol facilities on the more than 
130 satellites currently in use. 
Today, development at Goon- 
hilly continues. Aerial 6, the 
biggest antenna, has been 
equipped to operate to the 
latest development in satellite 
communications—Time Div- 
ision Multiple Access/Digital 
Speech Interpolation (TDMA/ 
DSI). TDMA/DSI means that 
signals from the station are 
grouped and sent by time 
rather than frequency, so that, 
on the principle that during the 
average telephone  conver- 
sation either party is only 
speaking for one third of the 
time of the call, other groups of 
signals can be sent along the 
same channels during the 
lapses of conversation 

While British Telecom's earth 
Station at Goonhilly provides 
vital links for today and tomor- 
row, it has not forgotten its 
past—a past that goes back far 
beyond Marconis early ex- 
periments. 

The Lizard Peninsula is 
designated as an Area of 
Outstanding Natural Beauty and 
Goonhilly Downs was Corn- 
wall’s first National Nature 
Reserve. In developing the 
earth station, British Telecom 
spent £200,000 landscaping the 
scheme to form natural-looking 
mounds, or bunds, inside and 
outside the stations bound- 
aries. Local heathers, gorse and 
willow were planted in the 
station, in keeping with the 
natural character of the Downs. 
With little intrusion from the 
public, amidst the silent giants 
of Goonhilly’s antennas, the 
local flora and fauna have been 
able to flourish, making 
Goonhilly not only a pioneer in 
high-technology but also a 
botanist’s paradise. 














At the heart of this versatile and simple to build computer for 
process control and automation applications is Intel's Type 
8052AH-BASIC microcontroller. 


As already noted in refer- 
ence U, the Type 8052AH- 
BASIC Vil is a single-chip 
microcontroler tailored to 
data manipulation in intelligent 
instrumentation, measurement 
and control systems. Not sur- 
prisingly, therefore, the 
8052AH-BASIC features an ex- 
tensive and powerful set of in- 
put/output and timekeeping 
functions. 

By virtue of its compactness 
and ease of programming, the 
BASIC computer described 
here is suitable for a wide 
range of domestic as well as in- 
dustrial applications. Although 
not every programmer will ap- 
plaud the use of BASIC, it can 
be argued that this is still the 
most widely known, and often 
first apprehended, program- 
ming language. Moreover, the 
BASIC interpreter of the 
8052AH-BASIC is an advanced 
version offering instructions 
like DO-WHILE and DO-UNTIL 
which enable better structuring 
of programs than the GOTO 
statement. Also, variables can 
be stored and retrieved by 
means of instructions PUSH and 
POP. The BASIC interpreter is 


reasonably fast as compared 
with competetive 8 and 16 bit 
systems. In conclusion, the 
8052AH-BASIC couples the 
power and versatility of the 8051 
to the qualities of a well-written, 
reasonably fast, BASIC im 


' terpreter. 


The computer described is 
suitable for experimental as 
well as stand-alone  appli- 
cations. Programs can be writ- 
ten, tested, and debugged by 


Ta:f.o I 
T2EX ; P1.1 
PWM OUTPUT | P1.2 
ALE DISABLE / P1.3 
PROGRAM PULSE / P1.4 
PROGRAM ENABLE / P1.5 
DMA ACKNOWLEDGE / P1.8 
LINE PRINTER OUTPUT / P1.7 
RESET 
CONSOLE SERIAL INPUT 


CONSOLE SERIAL OUTPUT I 
INTO / DMA REQUEST 
INTI 





«qo co. See CQ OBS — 


anyone with a reasonable com- 
mand of BASIC. The microcon- 
troler used is not cheap, 
probably because of its 
specialist nature, and the fact 
that it has hitherto found appli- 
cations mainly in industrial con- 
trol systems. None the less, the 
cost of the 8052AH-BASIC is 
justifiable considering its im- 
pressive potential. 

To aid programmers in writing 
efficient programs, Intel sup- 
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Fig. 1 Pinning of the microcontroller Type 8052AH-BASIC from 


Intel. 





plies the indipensable MCS 
BASIC-52 USERS MANUAL, 
which carries reference 
number 270010-003. 

It is important to note that 
ready-made programs for the 
BASIC computer are not 
available. The proposed system 
is intended primarily for appli- 
cations where the BASIC pro- 


grams are not an end in them- 


selves, but where the hard- 
ware-software link is readily ac- 
cessible to enable developing 
and testing computer con- 
trolled systems of a wide var- 
iety Once a program is 
debugged and knovyn to func- 
tion satisfactorily, the computer 
can act as a reliable stand-alone 
controller. 


Features 


The computer described 
features an on-board EPROM 
programmer, which is con- 
trolled direct by the 8052AH- 
BASIC CPU. This means that the 
processor can store its own pro- 
grams in EPROM after debug- 
ging and testing. Once it is 
EPROM resident, the BASIC 
program is available for direct 
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Fig. 2 Circuit diagram of the BASIC computer. 





and autonomous execution by 


the processor. The EPROM 
contents form the token 
program listing rather than 


machine code obtained by a 
compiling process. The pro- 
gramming of EPROMs on the 
board is straightforward, and 
fuly supported by BASIC in- 
structions. A single EPROM can 
hold a number of programs, 
which can even call each other 
when necessary. 

It should be noted that the 
BASIC computer has no key- 
board and screen of itself. 
These communication func- 
tions are taken over by an exter- 
nal console (terminal), 
connected to the computer's 
bidirectional, serial I/O port. 
As to the hardware configur- 
ation of the proposed BASIC 
computer, this is characterized 
by a high degree of flexibility, 
allowing the user to readily 
add, say, a UART (universal 
asynchronous  receiver/trans- 
mitter), an ACIA (asynchronous 
communications interface 
adapter, a number of PIAs 
(peripheral interface adapter), 
or other peripheral circuitry 
such as an alphanumerical dis- 
play, a sound generator, or a 
keyboard encoder. The pin- 
ning of the 8052AH-BASIC is 
given in Fig. l. 

The  8052AH-BASIC has a 
number of powerful timing in- 


structions which, in conjunc- 
tion with the interrupt 
statements, special registers, 


and instruction counters, afford 
excellent control of time critical 
I/O applications. A real time 
clock is also available in the 
form of function TIME, which 
offers a resolution of about 
5 ms. 

The Type 8052AH-BASIC is an 8 
bit microcontroller, which 
means that it combines the 
functions of central processing 
unit (CPU), and peripheral cir- 
cuits (I/O; DMA). The chip has 
an accumulator A, a register B, a 
status register PSW (program 
status word), an 8 bit stack 
pointer, a 16 or 2x8 bit data 
pointer DPTR, 4 8 bit ports for 
use as an I/O and/or address, 
data, or command bus, a 
double serial communication 
register SBUF, 3 register pairs 
THO-TLO, THI-TL] and TH2-TL2, 
which together form the 3 16 bit 
timers TO, TI and T2, an in- 
termediate storage register pair 
RCAP2H-RCAP2L for a number 
of functions of timer 2, and, fi- 
nally, an array of registers for 
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various command functions: IP 
(interrupt priority), IE (interrupt 
enable), TMOD, TCON & 
T2CON for the timers, SCON 
(serial contro) and PCON 
(power control). 


Circuit description 


The circuit diagram of the 
BASIC computer is given in Fig. 
2. The 8 Kbyte BASIC in- 
terpreter is internal to the 
microcontroller, IC. EPROM 
ICe holds the user's BASIC pro- 
grams. The minimum amount of 
RAM for the 8052AH-BASIC is 
I Kbyte starting at address 0000. 
In the present application, the 
RAM area is either 8 Kbyte 
(0000—]FFF) or 16 Kbyte 
(0000—3FFF) depending on 
whether 1 or 2 RAMs Type 6264 
are fitted (IC4; ICs). Write and 
read operations are controlled 
direct by signals WR and RD 
respectively. 

The memory structure of the 
8052AH-BASIC is not in accord- 
ance with von Neumann’s 
model: the program memory is 
distinct from the data memory, 


BFFFp 


9FFFp 


A 


which explains the logic com- 
bination of signal PSEN 
(program store enable: control 
of read operations in an exter- 
nal program memory) with RD 
in gate N7 to select the ROM 
memory area (2764 = 8 Kbyte 
from 8000 to 9FFF; 27128 = 
16 Kbyte from 8000 to BFFF). 
This does not exhaust all the 
possible memory  configur- 
ations for the 8052AH-BASIC, 
but forms a practical as well as 
efficient combination—see 
Fig. 3. In the EPROM program- 
ming mode, the microcontroller 
addresses EPROMs in the 
memory area starting at ad- 
dress 8000. 

Decoder ICs divides the 
memory area in blocks of 
8 Kbyte. AND gate Ne makes it 
possible to combine 2 block 
select signals when the 
EPROM used is a Type 27128. 
Normally octal latch  ICe 
demultiplexes the data and 


lower address bytes with the 
aid of signal ALE (adaress latch 
enable) In the EPROM pro- 
gramming mode, however, the 
LS address byte is kept latched 





: ROM or User 1/0 


(E)EPROM 


RAM extensions 
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Fig. 3 Memory structure of the 8052AH-BASIC. 
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1 Pinning of connectors K1 and K2. 
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much longer than during nor- 
mal bus cycles. 

This also goes for the M5 ad- 
dress byte and the dataword— 
the normal duration of a pro- 
gramming cycle is of the order 
of 50 ms. The software has no 
direct control over the length of 
the ALE pulse, and this is, 
therefore, inhibited with the aid 
of Ni, Ns and the logic low level 
on CPU output P1.3. 

When port 0 is used in the I/O 
mode, pull-up resistors are re- 
quired on the open drain out- 
puts. Normally, this port 
functions as the data & address 
bus, but operates as an I/O port 
in the EPROM programming 
mode. 

The TTL levels at the serial out- 
put, P3.1, of the microcontroller 
are converted into the corre- 
sponding positive and negative 
levels for the terminal. Rectifier 
DrDzCi is connected to the 
terminal's TXD line to provide 
the negative supply for TXD 
driver Ta. Components Di and 
Da can be omitted, and Ci re- 
placed by a wire link, when the 
terminal accepts and sends 
pulses with TTL levels. 

The connections on the serial 
I/O connector, Ks, are given in 
the circuit diagram. 

Table ] shows the pin assign- 
ment on connector Ki, which 
carries the 8 lines of peripheral 
port Pl, interrupt inputs INTO 
and INTI, and lines TO and TI, 
which form the external inputs 
of the respective timers. Line 
pairs WR and RD, RxD and TxD, 
INTO and INTI, and TO and TI 
together form port P3 of the 
8052AH-BASIC. Apart from their 
normal use as I/O lines, the 
lines on port Pl may be used for 
special purposes. For example, 
P1.0 and PLl can provide trig- 
ger as well as clock pulses for 
timer T2. This is a standard 
function of the 8052, and not a 
particular feature of the BASIC 
interpreter. Lines P1.3, P1.4 and 
P1.5 are used for programming 
the majority of currently 
available EPROM and 
EEPROMs Type 2764 and 27128. 
Output Pl.6 is connected to in- 
put INTO for ready implemen- 
tation of a DMA (direct memory 
access) mechanism. Output 
Pl7 can act as a direct serial 
channel for driving, say, a 
printer, controlled with the aid 
of commands LIST# and 
PRINT#. There are more BASIC 
instructions for port 1: PWM, for 
example, offers control of the 
pulsewidth on output P142, 





while instruction PORTI 
' enables direct read/write 
access. 
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The signal assignment on con- 
nector Ka is shown in Table l. 
This connector carries lines 
ADO...AD7, A0... A15, and the 
command bus, and so enables 
ready connection of peripheral 
extension, or DMA, circuitry. It 
is possible to halt the processor 
in the idje mode, and so ar- 
range for an external processor 
or microcontroller to tempor- 
arily gain access to the memory 
in the BASIC computer. The 
idle mode is initiated with the 
aid of the corresponding BASIC 
statement, and can be used for 
switching the microcontroller 
to the non-active state when no 
action on its part is required. 
The clock oscillator is internal 
to the 8052AH-BASIC, and 
merely requires a quartz crystal 
and 2 capacitors. The indicated 
crystal frequency of 11.0592 
MHz is required to ensure the 
correct timing for the serial 
channel, the real time clock, 
and the EPROM programming 
pulses. When it is intended to 
use, say, a 12 MHz crystal, the 
processor should be informed 
of thus by declaring 
XTAL-12000000. It should be 
noted that any oscillator fre- 
quency other than 11.0592 MHz 
may result in reduced accuracy 
of the counter operations. 

The computer is reset and in- 
itialized on power up either 
automatically (R22-C4) or 
manually (Si). Input EA (exter- 
nal address) is made perma- 
nently logic high because the 
BASIC interpreter is an internal 
memory area. 


Programming 
EPROMs 

The (EJEPROM programming 
facility of the present BASIC 
computer is, without doubt, one 
of its most attractive features. It 
is important to note that the 
computer is not just an EPROM 
programmer, but a data hand- 
ling and storage system that can 
be customized as required for 
the application in question. 
While communicating with the 
user via the terminal, the 
8052AH-BASIC can store 
edited, debugged and tested 
BASIC (sub)routines in EPROM 
to faciltate calling these as 
"tools" at any time. Before pro- 
gramming is effected, the 
microsoftware in the 8052AH- 


BASIC takes care af all the ' 


tokenizing of the object 
program to ensure compact 
storage. Depending on the pro- 
gramming mode, certain 
parameters are stored along 
vvith the program, and are in- 
stantly available when this is 
loaded and run. These program 
parameters include the baud 
rate, variable MTOP, an autoex- 
ecute flag, and a flag that 
enables skipping the memory 
initialization routine at power- 
on—this is particularly useful 


when the RAM 
powered. 

Finally, it is possible to use 
BASIC for loading an EPROM 
with an assembler program that 
is executed automatically after 
a RESET pulse. 


is battery 


With reference to the circuit 
diagram, when line Pl.5 goes 
low, transistors Ts, T4 and Ts en- 
sure that the programming 
voltage reaches the Vpp ter- 
minal of the EPROM. The pro- 













Table 2. 










memory 





| Manufacturer | Type | organization | Vpp 
AMD AM2764 
AM2764A 
AM27128 


AM27128A 


| MBM2784 
MBM27C64 
MBM27128 


| HN482764 
HN27C64 

HN482764P 
HN4827128 
HN27128P 


2764 
P2764 
2764A 
27C64 
P2764A 
27128 
27128A 





















E | P27128A 6 
M5L2764 
| M5L27128 | | 
National NMC27C64 











Semiconductor | NMC27CP128 


uPD 2764 
4uPD27C64 
jPD2764C 
uPD27C64C 
uPD27128 
uPD27128C 
H87C64 
| R27C64P 


















TMS2564 
TMS2764 
TM527128 






Toshiba Irum2 164 


| TMM2784DI 
TMM27128 





The type indications as given may be followed by an access 
time specification. 


Table 2 Programming voltages for a number of EPROM types that 
can be loaded by the BASIC computer. 











gramming voltages for a 
number of EPROMs are listed 
in Table 2. The microcontroller 
places the LS address byte onto 
lines ADO... ADY, then 
disables ALE by making Pl.3 
logic low. The address byte re- 
mains latched in IC2 during the 
remainder of the programming 
cycle. The MS address byte is 
placed onto lines A8...Al5, 
and the databyte onto lines 
DO...DI of the EPROM to be 
programmed. Then, output P1.4 
is made logic low, and the byte 
is programmed in the EPROM 
because PGM goes low while 
Vpp is applied. Instructions 
PROG and FPROG select a dur- 
ation of the programming cycle 
of 50 and ] ms, respectively. 
FPROG uses the intelligent pro- 
gramming algorithm, and may 
require raising the EPROM 
supply voltage from 5 to 6 V, 
which is not supported by the 
proposed circuit. Details on the 
intelligent programming 
algorithm can be found in refer- 
ence (2, In all cases, the dur- 


ation ofthe PGM pulse is deter- 
mined by the clock frequency 
of the microcontroller, and 
operator XTAL should be defin- 
ed as as discussed previously. 
Switch S2 enables blocking the 
3 programming signals. This is 
done for reasons of security 
because port Pl can be used 
for purposes other than pro- 
gramming EPROMs. 





Up to 255 BASIC modules can 
be held in a single EPROM, and 
each of these can call any of the 
others. The 8052AH-BASIC auto- 
matically assigns a number to 
each BASIC program before 
storing this in EPROM. The 
number is sent to the terminal 
for the programmer's refer- 
ence, Loading and running a 
particular BASIC module is ef- 
fected with the aid of com- 
mands ROM X [followed by 
RUN. Variable X is the number 
of the relevant module. 
Modules can be copied from 
EPROM to RAM by means of 
command XFER. 

The programmer has direct ac- 
cess to an extensive library of 
routines in the BASIC in- 
terpreter. Also, BASIC allows 
calling external machine code 
subroutines provided by the 
user. It should be noted, 
though, that writing (fast) 
machine code requires an 8051 
assembler, and, of course, con- 
siderable experience in work- 
ing at the assembly code level. 
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The practical use and operation 
of the EPROM programming fa- 
cility is extremely straightfor- 
ward. All that is required is to fit 
an EPROM in the socket for 
ICs, apply the correct program- 
ming voltage, switch S2 to 
PROG. EN, load the BASIC file 
in RAM, and issue command 
PROG. The other programming 
commands, 
(F)PROGI...(F)PROG6 enable 
storing auxiliary program infor- 
mation, including the baud rate 
indicator, and the autoexecute 
flag. The available options are 
described in the previously 
mentioned programming man- 
ual from Intel. 


Construction 

It should be reiterated that the 
computer described is in- 
tended mainly as an aid in 
developing software and hard- 


| 


ware for automated processes 
and stand-alone, intelligent, 
controllers or data loggers, 
where timekeeping is an essen- 
tial requirement. 

The printed circuit board for 
the BASIC computer is double- 
sided and through-plated. The 
component mounting plan is 
given in Fig. 4. 

It is recommended to fit good 
quality sockets for all ICs. The 
socket for EPROM ICs can be a 
type with turned pins, although 
a ZIF (zero insertion force) 
socket mounted as shown in the 
photograph of the prototype is 
probably the best solution. Be 
sure to purchase a microcon- 
troller Type 8052AH-BASIC 
V1.1. Connectors Ki and K2 are 
intended for extensions, and 
need not be fitted as yet. In- 
itially, a single RAM, ICA, is suf- 
ficient, since it offers a memory 
area of about 7 Kbyte for BASIC 


d s i 
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programs. Resistors Ro...Ri6 
incl. form an 8-way SIL network, 
but it is also possible to use 8 
ordinary resistors, mounted 
vertically and commoned by a 
short length of wire connected 
to +5 V as shown in Fig. 5. The 
function of the LEDs, Da and De, 
is evident from the circuit 
diagram. The supply and pro- 
gramming voltage are applied 
to the circuit via soldering pins 
and mating sockets, insulated 
with the aid of heat shrink 
sleeving. Do not confuse the 
Vec and Vpp connections. The 
PROG. EN switch, Se, and the 
EPROM selector, $3, may each 
be replaced by 3 pins and a 
mating jumper if it is not in- 
tended to frequently program 
EPROMs, or change between a 
2164 and a 27128. 

EPROM ICs is not required to 
make the circuit function. It is 
not fitted until it can be pro- 
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Fig. 4 Component mounting plan for the BASIC computer. The circuit board is available ready-made 
through the Readers Services. 


Capacitors: 
C;Ca- 10u; 16 V 


Parts list 


Resistors ( € 5956): 

Rr Bs; RaBs;R:3 —4K7 

Ra:R23- 100R 

Rez 1KB8 

RzR24-330R 

Ra;Ri1z;Rí8;Rzo;R21 — 10K 

Ra...R16828-way 10K SIL 
network, or.8 10K resistors 

R22 -8K2 


C2;C3- 33p ceramic 
C5...Cs incl. = 100n 
C102: 1009: 16 V 


Semiconductors: 

D1:Dz:D3;Ds — 1N4148 

Das green LED 

Ds- red LED 

T1:73;14=8C547 

EN BC557 

5: BC181 

s 8052AH- BASIC 
VERSION 1,1 


IC2=74HCT373 

ICa=74HCT138 

ICa:IC5=6264 BKxB static 
CMOS RAM 

IC6 — 2764 or 27128 (see text) 

IC7 = 74HCT32 

ICa — 74HCTOS 





Miscellaneous: 


$1 Digitast SPST push button. 

S2= miniature SPST switch. 

Ki = 20-way right angled IDC 
header with side latches. 

Kz- 40-way right angled IDC 
header with side latches. 

Ka= 5-way DIN socket for PCB 
edge mounting. ' 

X1= 11.0592 or 11.059 MHz, 
HC18 enclosure. 

28-way ZIF socket. 

Jumpers and soldering pins as 
required. 


- PCB Type 87192 (available 


through the Readers Services). 
Suitable ABS or metal enclosure. 
Suitable power supply. 


It is regretted that a ready-made 
front panel. for this project is 
not available. 


” Intel distrubutors are listed on 
InfoCard 505 in the March 
1987 issue of Elektor Elec- 
ironies, 


The chip is also available from 
Universal Semiconductor 


Devices Limited e 17 Granville | 


Court e Granville Road e 
Hornsey e London N4 4EP. 
Telephone: (01 384) 9420, 
Telex: 25157 usdco g. Fax: 01 
348 9425. 
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Fig. 5 Showing the use of 8 ordinary resistors instead of a SIL 


network. 


grammed with BASIC modules, 
and only when the computer is 
turned off. 

The power supply for the 
BASIC computer can be a 
simple type with regulated out- 
puts for 5 V (500 mA), and the 
programming voltage(s). 
Initially, the CPU and the 
memory chips are not fitted 
while the completed board is 
fed with Vcc and Vpp. Consult 
the circuit diagram and care- 
fully check the presence of the 
supply voltage at all the relevant 
points. Make sure that there is 
no short circuit around pin 28 of 
ICs, since the programming 
voltage is carried nearby. 
Switch off the power, carefully 
fit the CPU and the RAM(s) with 
the correct orientation, and 
switch the power on again. 


Communication: 
the terminal 


The serial data format for the 
BASIC computer is: 


8 data bits, no parity, 1 stop bit. 


Most terminals, consoles, or ter- 
minal emulation programs for 
computers can support this 
format. 

The 3-wire connection between 
the BASIC computer and the 
terminal is shown in Fig. 6. At 
the terminal side, it may be 
necessary to hard wire a 
number of RS232 hanshaking 
lines— consult the relevant 
documentation. Á solution that 
works in most cases is to con- 
nect the following pins in the 
25-vvay RS232 connector: 
4—5—8 and 

6—20 (sometimes 6—20— 22). 
Where — denotes the con- 
nection. 


The BASIC computer has an in- 
ternal baud rate timing routine. 


| Press nESET, Wait a second or so, 


and press the space bar on the 
terminal. The message 


*MCS-5l(tm) BASIC V1.1 
READY 
> 


is displayed on the terminal 
screen, and the BASIC com- 
puter is ready to accept 
commands. 

After reser is pressed, the 
CPU initializes its internal RAM, 
and a number of pointers and 
registers. It then tests, in- 
itializes, and determines the 
size of the external memory 
area (IC4 and ICs) Next, the 
memory size is stored with the 
aid of operator MTOP (memory 
top), operator XTAL is defined 
(default: 11059200), and, finally, 
the CPU reads the data at ad- 
dress 8000 to check for a valid 
baud rate definition, pro- 
grammed in EPROM ICe. When 
a baud rate byte is found, it is 
stored in register T2CON. The 
computer then skips its auto- 
matic baud rate timing routine 
and operates at the pre- 
programmed serial speed, ob- 
viating the need for the terminal 
operator to press the space bar 
after actuating reser on the 
BASIC computer. 

The maximum baud rate is 
38.4 Kbit/s, and timing 
characters other than 20H 
(space) are not accepted. 


To verify the correct operation 
of the system, type 


PRINT XTAL,TMODICON, 
T2CON «CR» 


to which the computer replies 
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Inside view of a prototype of the BASIC computer. 


BASIC 
computer 





Fig. 6 The 3-wire connection between the BASIC computer and the 


terminal. 
11059200 16 244 52 


The system prompt > is 
displayed to indicate that the 
computer is ready to accept 
commands, which are not ex- 
ecuted until «CR» is re- 
ceived. Actually, the 8052AH- 
BASIC starts tokenizing and 
storing the BASIC commands 
after receiving a carriage return 
(ODH). Depending on the 
length of the line, and the com- 
plexity of the command(s), this 
takes some time, and new 
characters must not be sent un- 
til the CPU responds with the 
prompt, indicating completion 
of the storage process. 


The BASIC computer is prob- 
ably best programmed and 
controlled with the aid of a per- 
sonal micro sporting an RS232 
port. As to software, a terminal 
emulation or communication 
program in conjunction with a 
wordprocessor enables ef- 
ficient editing and down- 
loading of BASIC files. A 
general flowchart of a serial I/O 
routine to support the above 
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was last 
sent character 
a CR 
? 


character 
a "s. “ 
? 


87192- 7 





Fig. 7 The sending computer 
must wait for the > prompt 
from the BASIC computer 
before sending a new line of 
commands. 








EE 
November 1987 


30 


handshaking procedure is 
shown in Fig. 7. 






at IK SST SR SS. 


OPERATORS 


W<CR> 


Table 4 is a hex dump of a | COMMANDS | STATEMENTS Leave DEBUG: 
simple filehandler for IBM PCs | |—— —— sg | UE E 
and compatibles. The program | ËN | PAP EE BE nh yev'y | | Q<CR> 
is called SENDBASCOM, and | qr i m. An a pue a ce een UE | 
was written by H Peters. It loads | | uste w11) .CLOCK(A0 PHO. SUBTRACT (=) i The PC filehandler is now 
(ASCII) BASIC files from disk, | MEM ee iy tec cere) oon) | available on disk, and can 
and sends these to the BASIC Low “ nee EHT | AA ed), SAN be called with command 
computer via serial port COMI, | | xren | DO-WHILE PHLA vr) | ABS ———— TCON SENDBAS. Test the program: 
in accordance with the || ERGs a med NË Ww || the screen is cleared, and the 
previously mentioned prompt- | PROG2 " DIOE l BRR | Son) DUUM text ENTER FILENAME: is 
based handshaking arrange- | | Paos: Wii GOSUB REM. | LOG) timen | | displayed. Type «CR» to 
ment. DU ENTM jene EM We || return to the DOS command 
The program is loaded and | ; FrROG — ,ON-GOTO STRING. COSi | LEN | | prompt. 
written onto disk with the aid of | hemen d LE e Gi pe Dem 
DEBUG, which can be found on | Sdu i Mr. A SENI [uam T 
the DOS disk (use version 3.1 or | | FeRoGs (vit) | ONERA IDLE (V1.1) CHAI ) 

| FPROGE (V1.1) | oNEXI RROM(VI1) | CBY[) 


later) Format a new disk, and 
copy DEBUGCOM onto it. Sel- 
ect the relevant drive, eg. B:. 
Follow this instruction if you are 
unfamiliar with the operation of 
DEBUG: m WXATUTCOES 8458833883955 


A p p o e rr B i 
AANSEPR Se pys nun 
uoc I dec PN 


DEBUG<CR> a 


Table 3 Overview of the instructions supported by the 
8052AH-BASIC. 


Fill a 256 byte block with nulls: 


F 0100 OIFF 00 CR» 


T mo x 


Name the program: 


NSENDBASCOM« CR» 


£O." ee bce "ie cR 


Ready for entering the 256 
bytes: 


E 100€ CR» 


Enter the bytes (not the ad- 
dresses)in Table 4, starting with 
B4. The first 2-byte address on 
each line is irrelevant in this 
case. Use the hyphen for cor- 
rections, and the space bar to 
proceed to the next byte. Type 
«CR» when the block is com- 
plete, and check the screen 
against the data in Table 4. If 
necessary, consult the chapter 
on DEBUG in your DOS manual. 
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A close look at the component side of the populated board (prototype version) 


Table 4. 


A»DEBUG SENDBAS.COM 
-D 06100 O1FF 


Call up the block pointers: 


RCX<CR> iE48:0100 584 O00 BO 02 CD 10 BC Ca-05 10 00 SE DS BB ED OO  ................ 

1E48:0110 53 E8 3B 00 7A 26 E9 94-00 5B BA 07 43 53 3C 1A  BES.;.z&...[..CS« 

dt 1E48:0120 74 F4 3C QA 74 16 B4 01-BA 00 QO CD 14 B4 Q2 BA t.«.t........... 

iouis 1E48:0130 00 QO CD 14 B4 02 8A DO-CD 21 EB DD B4 02 BA OO  ......... p 
1E48:0140 GO CD 14 BA DO B4 02 CD-21 3C 3E 75 EF EB CA Bá ........!«»u 

00FF« CR» 1E48:0150 09 BA BO 00 CD 21 B4 OA-BA CB Që CD 21 BB CC OO  ..... I. s. 

lE48:0168 BA 07 3C O00 75 03 EB 45-90 BB CD OO BO 1E QO BA  ..:.u..E........ 

1E48:0170 07 3C OD 74 Q6 43 E2 F7-EB 05 90 BË QO 88 07 Bå  .«.t.C.......... 

after the colon. Do the same || 1Eg48:0180 3D BA CD @@ BO QO CD 21-8B Dë B4 3F B9 FF FF BA  -...... 12 

with | 1E48;0190 ED 00 CD 21 BB DƏ Bå 3E-CD 21 BO 20 Bá Qi BA OO ...1...9.V. ... 

1E48.01A40 Go CD iå BË OD Ba 01 BA-@@ OO CD 14 C3 SB CD 20  ............. G. 

RBX<CR> 1E48:01B0 ØD OA OA OA OA 20 20 20-20 20 45 4E 54 45 52 20  ..... ENTER 

1E48:01CO 46 49 4C 45 4E 41 4D 45-3A 20 24 1E O0 OO OO QO FILENAME: $..... 

1E48:01D0 GO 60 OO DO OO OO OO 00-20 OO OO OO OO OO OO OO  ................ 

and again 1E48:Q1E@ 00 00 OO 00 OO OO OO 00-00 OO OO OO OO 1A 26 OO —.............. &. 

| 1E48:01FO0 74 09 ES 40 El EB 1B F1-E8 BC Ei Ai D6 26 A3 Q4  t..8......... ki. 

00FF« CR» 87192-T4 


Write the COM file to disk: Table 4 Hexdump of SENDBAS.COM, the filehandler for PCs and compatibles. 


I Rr. 


Psë : € £88 : REM MCSSI POLABOTOR CONTROL" 


GREKI 


INPUT "INTER SATELLITE barre, PLEASE", A 


IF A4 60TO 
grala} 


IF G-F THEM PONTI=8 : gofo 3e 
IF OP TREN POETIc1 ELSE PORTi-2 


GOTE 68 

IP POSTi=1 THEM oM 
IF PHITI-2 THEN P=F-1 
IF PE NI 

IF GzP THEN FORTIi-8 
PRENT G, P, PORTI 

RETI 


REIR © ALDI 1 80357 : 00-23 
RETURN 


FORTIS: 





Fig. 8 SENDBAS.COM has completed sending a program to the 
BASIC computer via the COM1: port on a PC turbo XT. The baud 


rate is 1200. 


aBCi-SiCu) BASIC UL. ta 
d 
nm 


FR: CONME 200: MIN MOISI INLABEFUR CIE" 
eiue 
INPUT ENTER SATELLITE MENES, VEA 


IF 4 GOTO M 
SHA) 
ty GP Mic tS : GeTe Vë 


IF QP THER PORTI<i KLSE POTI? 
sore 68 


iF MET: THEM Poet 
LF NITI-Z THER PRI 
IF Në YMER kë 

IF CP DEN PORTIS 
= cp Peay 


T aap beled K7 : Core] 
h re 4E 


uxiN CEELOL | EIE NP 17 NE 2 ASIE 





SENDBASCOM was tested in 
conjunction with PROCOMM? 
2.4.2, a versatile communication 
program for PCs and com- 
patibles. BASIC text files were 
prepared and stored onto 
disk .in DOS text format 
using the | wordprocessor 
WORDPERFECT 4.2. Other 
combinations of communi- 
cation program and  word- 


| processor should also work, as 


long a the files for sending to 
the BASIC computer are written 
in DOS text (ASCII) format, ie., 
without all the control codes 
specific to the wordprocessor 
used. As to the communication 
program, it is very practical if 
this offers a SHELL or DOS 
Gateway command to tempor- 
arily switch to DOS, start SEND- 
BAS for loading the updated 
file, and return to the BASIC 
computer by means of EXIT. 
SENDBAS takes over the set 
baud rate, and awaits the > 
prompt from the computer 
before it sends a new line via 


| COMI:. The writing of the file 


can be seen on the screen. 


After sending a file using 
| SENDBAS, and EXITing DOS to 


return to the comms program, 
type a <CR> when the BASIC 
computer displays 


READY 
> 


Type LIST to check the contents 


of the new program, and run 
. The use of SENDBASCOM 


ee E, E 
ee eae 
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tion with the well-known word- 
processor VIEW, the micro's 
serial outlet and the communi- 
cation program COM- 
MUNICATOR, set up for VT52 
emulation, XON/OFF, and, say, 
9600 baud I/O. It is assumed 
here that the user is thoroughly 
familiar with these programs, 
and the way they are called up 
and exited. Test the communi- 
cation between the BBC micro 
and the BASIC computer by 
pressing REsET and then the 
Space bar as outlined above. 
Owners of a MASTER micro 
can avail themselves of the 
built-in terminal, obviating the 
need to purchase a separate 
communication program. 

Leave COMMUNICATOR, run 
BASIC, and enter the listing of 
Table 5. Run the program. It 
creates a small machine code 
routine called PRDR-52 (printer 
driver for 8052AH-BASIC), 
which is automatically saved 
onto disk. Select the com- 
puter’s serial output channel by 
typing FX5,2. Call up VIEW 
(*W), and load or write the 
program (ie. text file) for the 
BASIC computer. Install 
PRDR-52 on the serial port by 
typing PRINTER PRDR-52 at 
the command level. The VIEW 
file is now sent to the BASIC 
computer at the specified baud 
rate. The fact that VIEW can not 
send but complete pages is of 


| no consequence. Leave VIEW 


and run the terminal emulation 
program to control the BASIC 








on a PC-XT turbo is illustrated | computer direct. Th 

; : in Figs. 8 and 9. 
Fig. 9 The BASIC computer is on line again, and has received a 3 gl ; 
program for controlling a polarmount satellite dish position system. simple filehandler for the 
Note the system's welcome message at the top of the screen, and BBC micro is listed ka Table 9. | 
the status line of PROCOMM? at the bottom. This program works in conjunc- 

Table 5. 

References: 
LIST ! | ©) Single-chip microcon- 
MODE 7 trollers. Elektor Electronics, 


FOR ADDRESS-44208 TO &424B 
READ EYTE 
?aDDRESS=BYTE 
4 NEXT ADDRESS i 
XSAVE PRDR-52 4200 4388 8400 8496 EPROM programmer (2) 
END | f 
DATA &4C.546,.504. 4C AGF W040 RAC we ZS, LBA MAC SC 04, AICARD Elektor Electronics, April 1981, 
DATA &45 280,248 299 249 WAP RO? 828 LEE EP WAP, AO? AAP BOLLE ZO p. 52 ff. 
DATA AFA, AFF. LGS. 5B. 68. i. Seg. ied 448 OA LIE LIS, REAP. LOS 
DATA 428, LEE,LKEF,LAP (82,5032, DO RZD LIE d GPP AS AS 868 AA RSS 
DATA $&68,1450.880.160, 48D. KFE, 04,148, 85.498,59 8 .&48, AAD, &FE AJ 
DATA &C9.&0D.XF0,x09.&20 REE RPP 68,598,558, 56,4598,&50,420 KE? 
| DATA &FF M26 KEQ, LEF EC? ,ADA,ZDO,KES,2:20, KEDO, RFR ACP, RSE OO (A FZ 
DATA &4C .&52.a04 | 


September 1987, p. 18 ff. 


(2) MSX extensions — 5: 


Procomm? is a registered 
trademark of Datastorm 
Technologies, Inc. e PO Box 
87192-T5 1471 e Columbia MO 62205 e 
USA. BBS: (314) 449-9401 (24 h.). 





MCS-51® is a registered 
Table 5 This program creates PRDR-52, the filehandler for the BBC micro running VIEW and trademark of Intel Cor- 
COMMUNICATOR. poration. 
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THE DIGITAL AUDIO 
TAPERECORDER 





Earlier this year, a number of Japanese manufacturers introduced 
a new type of personal taperecording system, which has become 
known as Digital Audio Taperecorder-DAT. Although this system 
ran into immediate problems with the combined might of the 
western world's record makers and composers’ and music writers’ 
organizations (which at the time of writing have still not been 
wholly resolved), it appears that it is here to stay. 


There is as yet no standard for 
the DAT or the tape cassettes, 
although proposals have been 
submitted to the International 
Electrotechnical Commission. 
Data, standards, and specifi- 
cations referred to in this article 
are as contained in those pro- 
posals. 


Cassette 


| The information carrier is a 


magnetic tape of 3.81 mm width 
roled on flangeless hubs in- 
stalled in a cassette with a slider 
and a lid protecting the tape 
from accidental damages. The 
tape is a metal powder type or 
its equivalent. 

Information is recorded on 
oblique tracks formed by heli- 
cally scanning magnetic heads 
and can be erased by over- 
writing. Information is read by 
magnetic heads that follow the 
tracks with the aid of Automatic 
Track Finding—ATF. 

The external dimensions of the 
cassette are 73x54 x10.5 mm: it 
is thus somewhat smaller than 
the compact audio cassette. 


Recorder mechanism 


The mechanism of the recorder 
resembles that of a video 
cassette recorder—VCR—but it 
is somewhat smaller (roughly 
the same size as the mechanism 
of a Video-8 machine). 

The rotary head drum has a 
diameter of 300 mm and rotates 
at a velocity of 2000 rev/min. 
The angle at which the tape lies 
around the drum is 90”. The nor- 


Accidental erasure 
prevention hole 


(restorable) Recognition 


Datum holes (sub) 


i, (^ holes (x4) 


Lower shell 


Upper shell 


“ Notches for slider lock release 


Notches for slider 87171 - 1 


and incorrect 
insertion prevention 


Lid lock Lid 


(locked by slider) Slider lock (2) 


Note : in case of single lock, dumray 
groove shall be provided 








Fig. 1. The digital audio tape cassette is somewhat smaller than the 


compact audio cassette. 


mal tape speed is low: only 
8.150 mm/sec. The resulting 
relative tape speed is, 
therefore, 3.130 m/sec (the tape 
speed in a VHS video recorder 
is 485 m/sec). Other tape 
speeds are: 4.075 mm/sec (half 
speed) and 12.225 mm/sec 
(wide track). 

The track pitch is 13.591 um in 
normal track mode and 
20.410 um in wide track mode. 
The track length is 23.501 mm 
(normal mode) and 23.47] mm 
(wide track mode). 

The track angle (tape running) 
is 6°22’59.5” in the normal 
mode and 60?23'28.4" in the 
wide track mode. The azimuth 
angle of the two heads is 
+20° +15’ (see Fig. 3). 

The above, and some other, 
data are summarized in Table 1. 
Since there are only two heads 
and the tape runs along only a 
quarter of the drum diameter 


Table 1 


3.810 mm 
2.613 mm 
1.905 mm 


Tape width 
Recording width 
Track centre 


Tape speed [normal] 8.150 mmis 
(half speed) 4.075 mmis 
(wide track) 12.225 mmis 


Track length 23.501 mm 
Track pitch (normal) 13.591 im 
(wide track} 20.410 um 
Trank angle(normal) 6*22'59.5'' 
(wide track) 6“23'29.4'' 
Head azimuth +20° +15’ 
Optional track 1 0.5mm 
Optional track 2 0.5 mm 





Table 1. Tape specifications 
(normal mode). 


(see Fig. 3), the heads vvill scan 
the tape for only half the total 
usable time. This means that the 
data have to be stored on the 
tape in time-compressed form: 
during reading they have to be 
expanded again. The output 


signal of the heads is shown in 


Fig. 4. 

The small angle between the 
tape and the head drum gives 
the advantage that pull on the 
tape is small, and also that even 
during fast forward or rewind 
operation the tape can remain 
in contact with the drum. This is 
essential to facilitate finding a 
specific passage on the tape 
quickly (at 200 times normal 
tape speed). The pull on the 
tape is then about the same as 
that on normal video tape. 


Recording parameters - 


Recording parameters are sum- 
marized in Table 2. Information 
is recorded on a main data area 
as well as on a sub data area, 
exactly as on a compact disc. 
However, the sub data area is 
about 4.5 times as large as that 
on a CD. 

The composition of a single 
track is shown in Table 3. It is 
seen that the largest part of the 
avallable space is occupied by 
modulation and subcodes, but 
the track also contains 
synchronization data and Auto- 
matic Track Following—ATF— 
zones. These zones enable 
automatic tracking of the heads. 
The individual function blocks 
are separated by the Inter Block 
Gaps-IBG. This separation is 
necessary to enable writing in 
the sub data area without affect- 
ing the modulation data. In prin- 
ciple, only the main data and 
sub data areas are of import- 
ance to the user, because these 
are the parts that are audible to 
him. 


From analogue to 
PCM 


It is seen from Table 2 that the 
normal recording and playback 
sampling frequency is 48 kHz 
(the other sampling  fre- 
| quencies will be reverted to 
later). Sampling is carried out at 
a resolution of 16 bits. This 
means that every 21 us a portion 
of the analogue input signal is 
translated into a 16-bit code. 
This happens simultaneously 
for the left-hand and nght-hand 
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Fig. 2. Arrangement of the tracks on the tape. 


winding 
direction 
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Fig. 3. Exploded view of a digital audio tape cassette. 


Table 2 


Number of channels 
Sampling frequencies 
Quantization 


Encoding 

Error correction 

Sub code 

PCM capacity (each track) 
ID codes 

ID capacity (each track) 
Transfer speed 
Information density 


2 (optionally 4) 

48 kHz; 44,1 kHz; 32 kHz 
16 bits linear (optionally 
12 non-linear) 

2 complement 


double Reed-Solomon code 
273.1 kbit/s 

4. kbit 

68.3 kbit/s 

1 kbit 

2.46 Mbit/s 

114 Mbit/in* 





channels. The digital data are ! Table 2. Technical parameters of the DAT system. 
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subsequently processed in 
serial form. The data stream 
consists, therefore, of 
48 x 103 x 16x 2=1.536 Mbit/s. 


Processing of PCM 
data 


The PCM data are encoded ac- 
cording to the Reed-Solomon 
code, which is also used in CD 
technology. However, in con- 
trast to the CD process, the DAT 
technique uses the product 
code of two Reed-Solom codes, 
which results in an inner and an 
outer code. The inner code 
contains the data bits and the 
parity bits derived from these 
according to a certain pattern. 
This encoded block is sur- 
rounded by the outer code, 


| which forms its own parity bits 


form data contained in the inner 
code. After this, the data are in- 
terleaved, i.e., shifted in time, to 
enable reconstruction. of a| 
possibly lost data bit. 

The Reed-Solomon coding and 
interleaving result in a data re- 
dundancy of about 3796, vyhich 
causes the data stream rate to 
increase to some 2.45 Mbit/s. 
Added to this are the sub data 
information, such as the sam- 
pling frequency, the number of 
channels, copy protection, and 
so on, which finally gives a data 
stream rate of 2.11 Mbit/s. 

The data thus composed are 
divided into blocks of 288 bits. 
The modulation zone of a track 
can contain 128 of these blocks, 
each comprising 32 bytes: a 
total of 4096 bytes. Of these, 
only 2912 bytes are real data: the 
remainder serve for error cor- 
rection. 

To increase the reliability even 
further, the data are divided 
into blocks, each of which con- 
tains the even samples of one 
channel and the odd ones of 
the other channel These 
blocks are cross-interleaved 
onto the + azimuth tracks as 
shown in Fig.6. In this way, 
even when a complete track is 
lost, or a head malfunctions, 
reconstruction is possible by 
interpolation of the adjoining 
tracks. 

Since the heads are in contact 
with the tape for only 50% of the 
time, the data can not be read or 
written in real time. The PCM 
data are, therefore, stored in a 
2x64 kbit auxiliary memory at 
the sampling frequency, then 
read at a higher clock fre- 
quency, and subsequently writ- 
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| Fig. 4. The output signal of the heads consists of a series of bursts. 


| block 
address 


8 bit 


87 171-7 





Fig. 5. The composition of the main data area in Table 3. 


ten onto the tape. In this 
manner, the rate of the original 
2.46 Mbit/s data stream is in- 
creased to 7.5 Mbit/s. 


Modulation of data 
When writing the data onto the 


Table 3 























Mara 


Table 3. The format of a track (signal allocation) is in accordance with this table. 


| Sub area 1 


| ATF area 1 


ATF area 2 


Sub area 2 


inal area 


tape, they are not truly 
modulated, but subjected to an 
8-to-10 conversion. Because of 
the consequent Non Return to 
Zero—NRZ—a signal edge is 
only generated if the bit is 1. In 
this way, the frequency spec- 
trum on the tape is reduced, 
which is necessary in view of 





'Pre-ambile 1 
| Sub data area 1 
Post amble 1 


Pre-amble 3 
Sub data area 2 
| Post amble 2 


Number of blocks 


| Note: The number in parentheses is for wide track mode. 
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Fig. 6. Illustrating the cross-interleaving of the channels in the 
modulation range. Areas Q are separation zones between the data 


areas. 


certain properties of the heads 
and the tape. 


Playback 


During playback, the oper- 
ations of the recording process 
are carried out in reverse order. 





Fig. 7. The JVC Digital Audio Taperecorder. 


First, the clock frequency is ex- 
tracted from the HF signal pro- 
duced by the heads, after 
which the signal is reconverted 
from 10 to 8 bits. Subsequently, 
the cross-interleaving of the 
data has to be negated, for 
which the same 2x64 bit auxili- 
ary memory is used. Here, the 
data are first written and then 
read again in the correct order. 
The sub data are separated 
from the remainder of the infor- 
mation and fed to the system 
control circuits. 

Next, an error correction is car- 
red out with the aid of the 
double-coded Reed-Solomon 
code. After this, digital sound 
data are available which can be 
processed in a manner similar 
to those in a CD player. These 
data are controlled by a digital- 
to-analogue converter, which 
may operate with twice or four 
times oversampling to avoid the 
necessity of  steep-skirted 
analogue filters. 


Sampling frequencies 
So far, it has been assumed 
that the input signal is analogue, 
for which the sampling fre- 
quency is 48 kHz. This fre- | 
quency is also used for the 
copying of other DAT tapes (but 
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delay 
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Fig. 8. In the NRZ process a signal edge is generated for each logic high bit. 
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Fig. 9. Block schematic of a typical digital audio ta 


not proprietary pre-recorded 
ones—see under). 

The 32 kHz sampling frequency 
is used for 4-channel recording 
of analogue input signals. It is 
also intended for future re- 
cording of digital satellite chan- 
nels. With this low sampling 
frequency, the frequency range 
is limited to 15 kHz. 

The sampling frequency of 
44 1 kHz (the same as that of 
compact discs) is provided for 
the playback of proprietary pre- 
recorded tapes. This enables 
makers of these tapes and CDs 
to use the same mother tape in 
the production process. 

The DAT has a copy protection 
circuit that prevents the direct 
recording from compact discs. 


This is incorporated at the in- ! Fig. 10. Typical DAT recorder mechanism. 
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perecorder. 


sistence of the record industry 
in the western world, backed 
by their respective govern- 
ments. In view of the regret- 
table failure by governments to 
protect these industries against 
the nefarious copying of gramo- 
phone records, this decision 
must be welcomed by any sen- 
sible person. None the less, 
there have already been 
rumours that some DAT 
manufacturers are threatening 
to market DATs without copy 
protection. Fortunately, many 
governments have already 
countered these by prohibiting 
the manufacture or import of 
such recorders in their 
countries. It must be hoped that 
all western countries wil be 
united in this determination. 
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LONG-RANGE INFRA-RED 








TRANSMITTER-RECEIVER 


by J C Stekelenburg 


This two-way, infra-red, FM, communication system covers line-of- 
sight paths of remarkable lengths without the use of expensive 





There are many who are con- 
vinced that infra-red compo- 
nents are only useful for remoie 
control systems with a range of 
| 10 metres or so. Powerful IR 
emitters are well out of the 
financial reach of the average 
home constructor, and their 
usefulness is often rightly 
queried simply because doub- 
ling the radiated power hardly 
increases the effective transmit- 
ter range. Notwithstanding the 
latest achievements in op- 
toelectronic technology, the 
real key to long-distance com- 
munication in the infra-red part 
of the frequency spectrum is a 
well-known physical phenom- 
enon: beam convergence. 


Principles of 
telecommunication 


Telecommunications engineers 
use calculated, ie, hypotheti- 
cal, models to assess and study 
the technical feasibility of 
point-to-point communication 
links in the available frequency 
bands. A general model of a 
link between an FM (frequency 
modulation) transmitter and re- 
ceiver is shown in Fig. 1. At the 
transmitter side, the aerial gain 
is Gr, at the receiver side Cn. 
In the present case, the centre 
frequency used is 313 THz 
(terahertz, 10% Hz) which 
means that the main component 
in the radiated spectrum has a 
wavelength of about 950 nm. 
This is slightly longer than the 
wavelength of the darkest 
shade of red visible to the 
human eye. The fact that infra- 
red light is transmitted and re- 
ceived makes it possible to use 


optoelectronic devices. 





Long-range IR transmitter-receiver 


Tachnical specifications. 


Transmitter. 


Modulation: PM 

Preemphasis, 7: BO jus. — 

Radiant power, PT: 0 - approx. 10 mW. 

Transmitted waveform: rectangular, duty factor. 
= 05. 

Supply voltage: 12 V. 

Maximum current consumption: approx. 125 mA. 

Wavelength 950 nm. 

Spectral bandwidth (-3 dB), AA: +20 nm, 

Maximum deviation (fe=100 kHz), Jf: +50 kHz. 

Sensitivity of line inputs: 250 mVims. 


Receiver. 


Supply voltage: 12 V. 


Maximum current consumption: approx. 75 më. 
Deemphasis, T: 50 us. 
Wavelength: 950 nm. 

VCO range, fo: 65 - 150 kHz. 
VCO lock range, f: + %4fo. 

VCO capture range, fc: +17 kHz. 





| optical devices, such as reflec- 


tors and lenses, as "aerials'. 
The following step-by-step link | 
budget calculation is purposely 
simplified, and, where appro- 
priate, based on reasonable 
assumptions as to the perform- 
ance of the equipment. Some- 
times the (electronic) term 
amplification is used where the 
(physical) term magnification or 
convergence [actor is, strictly 
speaking, more correct. Refer- 
ence is made to the denotations 
shown in Fig. l, and the main 
technical specifications of the 
infrared components used— 
see Fig. 2. The IRED (infra-red 
emitting diode) Type LD271 and 
the photodiode Type BP104 are 
inexpensive and generally 
available components. 

With reference to Figs. l and 2, 
the radiant power, Pr, at the 
transmitter side is 10 mW into an 
aerial with an assumed power 
gain, Gr, of 20 dB (= 100x). 
The effective radiated power 
(ERP) is therefore +30 dBm, or 
] W. 

Figure 2 shows that the 
photodiode Type BP104 
generates a noise equivalent 
power (NEP) of 42x101 W 
(VHzy'. The effective radiant 
sensitive area, A, is 5.06 mm’. 


| The power gain, Gr, of the re- 
| ceiver aerial of radius r is 


calculated from 

Cn - l0logio(nr*/ A) [1] 
— 10log10(0.621r^) [dB]. 

With r given as 50 mm, GR 

becomes approximately 32 dB. 


It is assumed that the receiver 
input has a noise factor, Fo, of 3 








— 5 A z950 nm —— 


<= 


Fig. 1 A hypothetical infra-red communication system. 


(&Fas=4.7 dB, this is a quite 
average value), while the 
transmitter is modulated with a 
single tone of frequency fm), 
producing a deviation Af Also 
assuming that the pre-detection 
signal-to-noise ratio, [S/N]a, is 
between 10 and 15 dB, ie, 
above the detection threshold 
for FM signals, and that Af= 
+50 kHz, the output signal-to- 
noise ratio, [S/N]o, of the ideal 
FM demodulator is calculated 
from 


[S/ N]o 2? / (Af/ faf [S/ N]a [2] 
where 
[S/N]a - (1/ Fo, S/ N]i [3] 


Returning to the technical 


Characteristics ( Teme =25 “C) 


Wavelength at peak emission at Luar 
Spectral bandwidth at 50% of Imax 
Radiant intensity in axial direction 
at I-=100 mA, for half angle — 30 
LD-2714A 
LD-271 
LD=271H') 
Radiant flux (Is 100 mA) 
(typ.) total 
Half angle 
(limits for 5096 of radiant intensity Ie) 
Switching times 
(l; from 1096 to 90%; I; 2100 mA) 
Capacitance (V4--O V) 
Forward voltage ( Ic. 100 mA) 
Breakdown voltage (J4 100 HA) 
Reverse current (V4—3 V) 
Temperature coefficient of I, or 4, 
Temperature coefficient of V. 
Temperature coefficient of ipsa 


Relative spectral emission versus 
wavelength 


specifications of the LD271, it is 
seen that the IRED used sup- 
plies a radiant intensity, Je, of 
l0 mW per steradian (sr) at a 
continuous, forward, current of 


100 mA. The light beam emitted ' 


by an IRED is cone-shaped, 
making it fairly difficult to 
calculate the radiant intensity 
received on the flat surface of 
the photodiode. Figure 3 shows 
that the distance x between the 


transmitter and the receiver is a. 


function of the divergence of 
the transmitter beam. The ra- 
diant intensity on the concave 
area Arz is 10 mW sr’, since 
g=] rad = 517.3? In order to 
avoid complex calculations for 
determining the ratio of the fat 
area A with respect to the con- 


FM 


DEMODULATOR 


is assumed to decrease from | 
radian (2) to 0.1 radian (9). This 
enables considering the resul- 
tant beam area, AZ, flat, as 
well as A, which forms a part of 
it (see the front view in Fig. 3). It 


can be shown that /ez0.] mW | 


in 0.1 sr given that /e-10 mW 
srl. Figure 3 shows that it is 
reasonable to consider the IR 
beam to have a flat area Ag) of 
radius r where it is incident on 
the photodiode D, so that 


r-xxtan(V»)-0.05x [4] | 


Aw)= n(0.05x). [5] 


Assuming no atmospherical at- 
tenuation over the distance x, 
area A receives an amount of in- 
cident radiant power, Pr, that is 


cave area Acrz), the beam width | a portion of Je within 0.1 sr, 


950 
+20 


27 
15 (210) 
“16 


16 mw 
25 degrees 


1 Hs 
40 pF 
1.35 (41.7) V 

30 (74) V 
0.01 (<10) pA 
—0.55 96/ K 
-1.5 mV/K 
103 nm/K 


Radiant intensity versus forward 





BP 104 
Characteristics (7 ns 25 °C) 
Spectral sensitivity (Va 2 5 V) (4=950 nm) 


Wavelength of max. spectral sensitivity 
Quantum yield 

(Electrons per photon) (7-950 nm) 
Spectral sensitivity 

(42950 nm, Vax 5 V) 

Rise and fail time of the photocurrent 
from 10% to 9096 and 

from 9096 to 1096 of the final value 
(A, s1ka: Vazo V; 4-950 nm) 

(A, =1kQ; Vas10 V; 4-950 nm) 
Temperature coefficient for Is or Ip, resp. 
Capacitance 

(Va -0,V; fal MHz; E£-0) 

(Va=3 V; fs1 MHz, E—-0) 

Radiant sensitive area 

Dark current (V4 10 V) 

Noise equivalent power 

(Va= 10 V) 


Detection limit 


Relative spectral sensitivity versus 
wavelength 
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whence 


pe BKT _ 


(005xY 
4. 5.06 x 10-6 
]0-4x2NOAN = 
* (0.05 
-8 
e [W] [6] 
x 
This calculation is valid for 


transmission through a vacuum. 
The atmospheric attenuation 
factor for 42950 nm is approxi- 
mately 4 km! (46 dB km’). 
Provided the calculations re- 
main based on factors rather 
than decibels, the atmospheric 
attenuation can be taken into 
account by rewriting Pr as 


-8 
pa 8:443x10 py 7 


The signal-to-noise ratio at the 
receiver input, [S/N]i, is simply 
the ratio of Pr (S, the signal) to 
NEP (N, the self-generated 
noise of the photodiode) within 
a given bandwidth. The amplifi- 
cation of Pr in the reflector (Gr, 
transmitter aerial) and the lens 
(Cn, receiver aerial) can be in- 


cm? 


pA AW 
nm 


Electrons 
Photon 


A/W 


125 
10 


0.18 


48 
17 


5.06 
2 (590) 


42x10 !'^ 


54x10? 


Photocurrant versus irradiance 


— E, Ar Isli 
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Fig. 2 Essential technical characteristics of the infra-red components used in the transceiver (courtesy Siemens). 
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cluded in the link budget, as 
well as NEP for Af- +50 kHz: 


NEP-42x10!^x]1/100,000 [8] 
NEP 21.33 x10:!! [W]. 


SO: 

S B PR 6.443 x 10-8 x GTX CR 
Ni NEP 1.33 x 10-11 5246241000) 
= 4844GTGRx *4 1000 


— 4844 C (nr?/5.06)x 2441000) [9] 


Where x is in metres, and r in 
millimetres. In equation [9], the 
distance, x, is a double variable 
(it is squared as well as part of 
an exponent). This means that x 


can only be resolved with the | 


aid of successive approxi- 
mation, which will not be dis- 
cussed here. Instead, 3 sample 
calculations are given to indi- 
cate the (theoretical) potential 
of the system. 

It will be clear that the lens at 
the receiver side is of radius r, 
as shown in Fig. 3. This means 
that all radiant power within the 
specified solid angle £ is cap- 


tured and converged onto the | 


photosensitive area of the IR di- 
ode D. Practical aspects of the 
reflector and the lens will be 
reverted to. 

What is the maximum, 
theoretical, distance that can be 
covered by this system, so that 
the received signal is just about 
audible in the receiver? 

An FM signal exceeds the noise 
threshold when 


[S/N]az:10 (410 dB) [10] 


requiring that 
[S/N]iz: 30 (15 dB) at Fo=3. [11] 


Having defined this minimum 
requirement for the input signal 
strength, it becomes possible 
to propose 3 versions of the IR 
communication link: 

1l No optica) amplification 
(Gr=Gr=l): 


| 4844 = 
sl 30 12.7 m. 


2. Only a lens at the receiver 
side (r=50 mm): 


va) së 0.5 x60} 


384 m. 


[12] 


x 0.59 





[13] 





side view 





a = trad = 380 = 57.38 


(2 20.1 rad = 5,73° 


r=x-tan (912) = 0.05x 


i 
A | 
s 
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front view 
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Fig. 3 The theorectical distance covered by the system is the length, x, of the conical infra-red light 


beam. 


3. A lens at the receiver side 
(r=50 mm), and a reflector at 
the transmitter side (G=10020 


dB)—this is the full system. 


shown in Fig. l: 


4844  n(50) x 100 x0] 

"H0 — $05 
=] 625 m. [14] 
The above calculations also 
enable a reasonable prediction 
to be made of the S/N ratio of 
the received AF signal at a 
distance of, say, 1,000 metres, 
with Af given as +50 kHz and 
fm=10 kHz (option 3.): 


[S/N]i= 
4844 x 100[(50Y:/5.06] x 4! x 10° 


= 3 [15] 
whence 

[S/N]o= 

34(50/10)? x 14x 188 = 9403 

=~ 40 dB. [16] 


This is, theoretically, sufficient 
for receiving speech or music 
of reasonable quality. The 
previously given calculations 
enable determining the 
minimum system layout for a 
given range x. It should be 
remembered, however, that all 
calculated distances are en- 
tirely based on theory, re- 
presenting the absolute, and in 
practice virtually unattainable, 
limits of the system. 


Through the 
atmosphere 


It goes without saying that some 
spare capacity should be de- 
signed into the system to en- 
sure a reliable, noise-free link 
even when there is additional 
attenuation caused by fog, 
heavy rain, snowfall, or fading. 
The latter effect is essentially a 
variation in the refractive index 
of air in contact with the heated 
earth surface (reference (!) 
This phenomenon gives rise to 
turbulence and convection cur- 
rents in the atmosphere, beam 
deviation, and hence pro- 
nounced fading of the trans- 


mitted IR signal. Modulation of : 


4 
4 60 


transmission 
(96) 


50 


LD 271 


the signal strength in the range 
I to 200 Hz may also affect the 
quality of the received signal. 
This effect is caused by scatter- 
ing of the signal, and fluctu- 
ations in the absorption of the 
air layers. A typical atmos- 
pheric absorption spectrum is 
shown in Fig. 4. The curve is de- 
rived from a wider spectrum 
analysis described in U. It 
shows the percentage trans- 
mission through lkm of at- 
mosphere at sea level. It is seen 
that the IRED LDA71 outputs its 
peak intensity at a wavelength 
that forms the lower limit of a 
so-called atmospheric window, 
i.e., a frequency band in which 
the atmospheric attenuation is 


A (peak) = 950nm 


500 600 700 800 900 
visible 
light 


| 
——»,4—— near infrared 


1000 1100 1200 1300 


1400 1500 1600 1700 
—> A (nm) 
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Fig. 4 Correlation between wavelength and percentage transmission 


through 1 km of atmosphere at sea level (source: reference 


m, 





relatively low. Returning to the 
temperature coefficient of /peak 
stated in Fig. 2, itis readily seen 
that the signal strength at the re- 
ceiver side may well rise 
somewhat along with the tem- 
perature of the IRED, since the 
transmitted signal can be 
thought to shift to the right in 
the spectrum. 


Optical amplification 
Radio engineers are familiar 
with the maxim "the aerial is 
the best amplifier. This is a 
proven truth, and fully ap- 
plicable to the IR transceiver. 
The previously given transmit- 
ter ranges can only be covered 
with the aid of optical amplifi- 
cation, or, more precisely, 
beam convergence. 


5 














reflector 


At the receiver side, it is best to 
use alens with a relatively large 
area. Lenses in magnifying or 
reading glasses are ideal for 
the present purpose. Elemen- 
tary aspects of the biconvex 
lens are shown in Fig. 5a. The 
wel-known /ens equation is 
written as 


l/fzl/u*l/v [17] 


where 
f = the focal length 
u = the object distance 


v = the image distance 


From this it can be deduced 
that 


fxu fxu 
E = = 18 
* —ftu (16) 





=f 
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Fig. 5 Essential aspects of the optical components in the IR 


transceiver. 


——————M— ————————————————————M———————————————————————————————————————————————————— A 


For the distances covered by 
the IR transceiver, f may be con- 
sidered small relative to u (the 
object is at infinity), whence 


vk f [19] 
u 

The lens and the photodiode 
are housed in a light resistant 
enclosure with a blackened in- 
side surface. The photodiode 
should be accurately pos- 
itioned in the focus when the 
distance between the transmit- 
ter and the receiver is greater 
than about 50 metres. An in- 
verted, but otherwise sharp 
(real), image of the area viewed 
by the lens can be seen on the 
back of a piece of thin white 
paper when this is held in the 
focus. Directly incident light 
causes a marked increase in 
the noise output of the 
photodiode. 

At the transmitter side, either a 
lens or a reflector can be used 
to ensure the required con- 
vergence of the IR light beam. 
The use ofa lens is illustrated in 
Fig. 5b. The convex lens should 
be a so-called condensing type 
to ensure a short focal length 
with respect to the lens 
diameter. Condensing lenses 
have an extremely biconvex or 
planoconvex curvature, and are 
often used in slide projectors. 
The construction of the IRED 
Type LD211 is such that the half 
intensity angle is about 30? in 
the axial direction. In the con- 
text of the lens diameter, d, and 





with reference to Fig. 5b, this | 


means that 


tan 30? 21/1/3 2 d/f 
f- d'Ay3 - 0.87d. [20] 
The beam convergence is opti- 
mum when the focal length of 
the lens satisfies f=0.87d. Like 
the photodiode, the IRED is, of 
course, co-axially positioned in 
the focus. 

The use of a reflector, i.e., a con- 
cave (parabolic) mirror, at the 
transmitter side is shown in Fig. 
5c. Virtually all radiated light 
emerges as a parallel beam 
when the IRED illuminates the 
right section of the concave 
reflective area. The IRED is not 
fitted co-axially in the focus of 
the reflector because in this 
position it would obstruct the 
reflected beam, and so absorb 
a considerable part of its own 
radiant intensity. Moreover, 
there is usually a hole at the 
centre of the type of reflector 
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used for this project... 

Although a condensing lens 
gave excellent results in a test 
setup of the transmitter, it is 
none the less recommended to 
use a reflector simply because 
this is less expensive in most 
cases. Constructional aspects 
of the reflector and the lens as 
crucial components in the IR 
transceiver are discussed 
further on in this article. 


Circuit description of 
the transmitter 


The circuit diagram of the infra- 
red, FM, transmitter is given in 
Fig. 6. Microphone and line 
signals are applied to low-noise 
opamp IC: via AF inputs M 
and Li-Lr respectively. Stereo 
signals at the line inputs are 
made monaural with the aid of 
summing resistors Riz-Rie. At- 
tenuation is effected in voltage 
divider R2o-Ris. The amplified 
signal is fed to filter/amplifier 
Ai via Cis, modulation strength 
control Pi, and Ci. Opamp Ai 
is configured as an active filter 
to obtain the required preem- 
phasis of the modulation signal, 
before this is applied to the FM 
modulator. The computed 
transfer function of the active 
filter is given in Table l. A 
second-order low-pass with a 
cut-off frequency of l0 kHz is re- 
quired to keep the boosting ef- 
fect of the preemphasis on 


higher frequencies within 
reasonable limits. This measure 
effectively prevents inter- 


modulation with the—relatively 
low—carrier frequency of 
about 100 kHz. Without the 
filter, a 19 kHz pilot tone, for 
example, would be heavily 
amplified, causing annoying 
lisping sounds, noise, and 
spurious beat notes in the re- 
ceiver. The 10 kHz filter is 
represented by the first 2 terms 
in the denominator of the last 
fraction in Table 1, so that 


CaRa - 1/2105) - CsRs. 


The roll-off point at the lower | 
end of the spectrum is deter- j 
mined by the term (l4 joC3R4), | 
which is dimensioned for a cut- | 


off frequency of about 10 Hz. 
The standard preemphasis of 
50 us is created by Ca, which 


can be resolved from the nu- | 


[21] | 





merator with the aid of the term | 


kcy, as shown in Table 2. The 
amplification of Ai is approxi- 
mately 6.6 (~1+Rs/Rs). 


| 
| 
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Al, A2 = IC2 = CA3240E 
D3...D6 = 1N4148 
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Fig. 6 Circuit diagram of the infra-red transmitter. 


The asymptotes in the last frac- 
tion of Table 2 are called 
(A)...(E) for practical pur- 
poses. All terms are 6 dB/octave 
asymptotes. Terms (A) and (B) in 
the numerator represent ampli- 
fication (Uo), terms (C), (D) and 
(E) attenuation (Ui). It is readily 
seen that (C) and (D) are virtu- 
ally equal, and therefore repre- 
sent an asymptote of 2x —6 = 
— 12 dB/octave. 

The theoretical frequency 
curve of the filter set up around 
Ai is shown in Fig. 7a. Ásymp- 
totes (C) and (D) are coincident 
and form the second-order roll- 
off above 10 kHz. Figure 7b 
shows the results of a test 
sweep carried out on a proto- 
type of the IR transmitter. Curve 
A is the preemphasis, curve B 
the frequency response of the 
complete IR system, ie. from 
the AF input on the transmitter, 
via an IR link of about 10 metres, 
to the AF output on the re- 
ceiver. The results are accept- 
able given the simplicity of the 
circuits used. 

Returning to the circuit diagram 
of the transmitter, Ce passes 
the amplified and filtered AF 
signal to a V-I converter set up 
around Az and Ti. The high 
amplification, A, of the opamp 
ensures that U. is virtually 
equal to U—, since 


Uo- A/(U. — U—) and A> [22] 


This means that Umio-U., 
whence 
Ice = rio) = U: / Ri. [23] 


This shows that the collector 
current in Ti is directly pro- 
portional to the voltage at the 
wiper of Pa (U+). In other 
words, the operation of the V-I 


Table 1 
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Infra-red transmitter: transfer function of A1. 


Definition of terms used: tii z Uci 
=U} A > ve -»U«-U 


Uo= A(U ^ 
(Vjet) x Ui 
|»— Ra-TMjeC2 - 
(j| ——Hs Ua (Rb 


Uo-UCe Uz=6.2V wH=2nf j?—-—1 


x ti 





ri + jo C2R3 


(Z5 — Rs//Cs5) 


= Uo — (tray t ca) 25 


= Uo — [U « (Ra + Total + U « J(1jo]XC4) Z5 
Uo Z5 
PLE up E + jo CaZs 
U: Ra + Vjet 
joC3Z5 R5/j«C5 


= ] tjotlaZ5 + 


| - an 
l 1 +swRaC3 





Rs + VijwCs 


Rs/jwCs 
! pë SH 
j RsijwCs Rs + 1//wCs 
=4+j¢C4 —————— Saath Ses 

R5+ 1//wCs 1 +/wRaC3 
jwCaRs fwC3Rs 
4 — — p ———— 
1-4 joCeR5 (1 +fwC3Ra}(1 tjaoCsRsi 
Uo 1 ko CARS jwC3R5 


Uh (1 +jw@C2R3} 


(1 +jwC2R3} x (1 tjeCsRs) 











+ ee e 
(1 +ywC2R3) x (1 tjoCsnsi x (1 9 jcoC3RA4) 


(wY*(C3C5R4R5 + C3C4R4R5) + /w(C3R4 + CsR5 + C3Rs 4 CRs) + 1 


converter is linear. 

Da and T2 form a current mir- 
ror. The voltages across the di- 
ode and the B-E junction of the 
transistor are equal when equal 
currents are carried. The 
voltage on Ri is, therefore, 
equal to that on Riz. It is readily 
seen that Z/c(r2-/c(3 since 
Rii=Ri2=2K7. 

The well-known timer Type 
1555 comprises 2 comparators 
that cause an internal bistable to 
toggle at voltage levels *AVec 
and “Vec. Timer ICs is fed 
from a stabilized 6.2 V rail. 
When UcinS Vec (22.01 V), 
the output, pin 3, goes high 








(1 + jgC2R3)(1 - joCSRS)(1 tjeCaRa) 


Table 2 


Infra-red transmitter: preemphasis. 


50 us = 50x10%s w = 2nf —j*—-—1 
Uo - (1 tjer b jew ftC4)) 


€ 


(1 1.5 x 10911 tjeo1.496 x 1079)(1 tje0.01833) 


so that rfica) 2 (C3CsR4R5 + C3C4RaRs5) 
rt fica) 2 C3Ra + C5R5 + Ca3Rs + CaR5 
(C3C5R4R5 t C3CARARS5) 


T 


. C3Cs8R4AR5 — rC3R4 — rCeRs —rC3Rs + 25 x 109 
:R5 — C3R4R5 
fica) = 0.12162 


ica = 


C4 = 


C4 = 14.4 nF 


= __ (ANB) 


Uo (1 fent +jw0.1262) - — 
Ui (14jg1.5x 10-911 tje1.496x 10:311 tje0.1833)  (C)HDILE) 












+ 6 dB/oct. 


- 5 dB/oct. 
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log f 


= 12 dB/oct. 
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Fig. 7 Theoretical (a) and practical (b) frequency response of the 
transmitter. Curve B in Fig. 7b shows the overall response of the IR 
system. 







(26.2 V) The current through 
Dë and De is blocked, and Jc(ro 
flows into C11 via Ds. When the 
voltage on Cili exceeds Vcc 
(24.18 V), the timer output goes 
low, Uccrz) becomes about 1.5 
V, and Ds blocks the current. In 
this situation, Da and Ts form a 
current mirror, so that /ccr3)= 
ipyzici2. Timing capacitor 
Ci is then discharged with 
the current /crr2. The fre- 
quency of the triangular signal 
on Cn is a linear function of 
Ice, and, therefore, of U+, 
and, therefore, of the instan- 
taneous amplitude of the 
modulation signal superimpos- 


ed on U+. In brief, this is fe- | 


quency modulation. The 7555 
functions as a current con- 
rolled oscillator (CCO) thanks 
to the linearization of the— 
normally exponential — charge- 
discharge curve of the timing 
capacitor, Cii. The oscillogram 
in Fig. 8 shows the output of the 
CCO in contrast to that of a 7555 
based oscillator in the standard 
configuration. ICs, Ti, Ta and Ts 
thus form a voltage controlled 


oscillator (VCO), whose central ! 


| 
1 
pe a ay —— MÀ 


ER: es ee ee 4d E SMe) Col Sh Bae i es à& 30 4^ 


frequency, fc (= 100 kHz) is de- 
termined by U. as 


I=C(du/di)=U+/R10 

du=1/38Vec=2.07 V 

dz (fc) 

U IRioz Cu[2.07 /(lafc)] 
=C11x4.18/f 


fe=U+(1/4.138C Rio) [Hz] [24] 


In practice, the modulation gra- 
dient of the transmitter is about 
30 kHz/V when Rio=8K2 and 
C112820 pF. This means that fc 
is about 100 kHz when U+ is set 
to +3.3 V with the aid of P2. A 
frequency deviation of +50 kHz 
is achieved when the amplitude 
of the modulation signal 
superimposed on U+ is 1.7 Vp. 
It was found that the toggle 
levels of the comparators in 
555s and 7555s supplied by 
various manufacturers are sub- 
ject to a relatively loose toler- 
ance. Figure 9 shows the f(U+) 
curves of 2 7555s and a 555 fit- 
ted in position ICs. The results 
obtained prove that the 
calculated modulation gradient 
of 30 kHz/V may not be 
achieved in all cases. 
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Fig. 8 The voltage on the timing capacitor in the 555 based CCO is 
triangular (upper curve) rather than exponential (lower curve) to 
achieve linear frequency modulation. fe = 100 kHz. 
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Fig. 9 Curves showing the modulation gradient of the transmitter 
with various timer chips fitted in position IC3. 
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Although the modulation index, 
£, of the transmitter is conven- 
tional at 

f- Aflftm) 2 50/10 28, [25] 
the resultant deviation of 
+50 kHz (100 kHzpp) is large 
relative to the carrier frequency 
of 100 kHz. This observation is 
important in view of the re- 
ceiver design, and will be 
reverted to. 

Emitter follower T4 buffers the 
rectangular output pulses of the 
oscillator. Via the carrier power 
control, Ps, the signal reaches 
power output transistor Ts, 
which is capable of building up 
an emitter potential of about 4.5 
V. Emitter resistor Rie carries a 
peak current of 200 më, taken 
from the 12 V supply via IRED 
Dz, which is so pulsed at a 
duty factor of about 0.5 to 
supply its maximum radiant 
intensity of 10 mW sr. 

The transmitter is fed from a 
(rechargeable) 12 V battery, and 
consumes about 125 më when 
set to maximum output power. 
Evidently, it is also possible to 
use a regulated 12 V; 1 A power 
supply when the IR transmitter 
is operated in a fixed location. 


Circuit description of 
the receiver 


The IR receiver is a simple 
design, just like the transmitter. 
The circuit diagram is shown in 








Fig. 10. 

When Pr=30NEP, ie. [S/N]i- 
15 dB, a photon current is 
generated with an equivalent 
power of 4x10! W. The 
energy, E, of a photon is ex- 
pressed as 


Fetc/7=207 210 [E] [26] 


where 


h=6.6262 x10?* [J s?] (Planck's 
constant); 

c-2.97 x109 [m s'i) (velocity of 
light); 

A=950 x 10° [m]. 


This means that the received 
power, Pr, of 4x10!? W cor- 
responds to 


Pr/E=1.93x 10° photons s`. [27] 


Figure 2 shows that the quan- 
tum yield, n, of the BPI104 is 
high at 0.92 electrons per 
photon, so that the given photon 
current results in a density, De, 
of L77x10? electrons per sec- 
ond. The electric current, Je, is 
then calculated as follows: 


I coulomb (C) = 1/1.6x10°!9 
= 6.25x10!? [electrons] 
] ampere (A) = 1 C g! 
Ir = De/6.25 x 1015 
=2.83x10! [A] 
IF(max)- 2/F — 566 pA. 


[28] 


This current corresponds to 
32 uV on R23 (56 ko). The effec- 
tive voltage at f=100 kHz is 


dsec lex! 





Fig. 10 Circuit diagram of the infra-red receiver. 


44/2x32-1.2 uV. The signal 
from the photodiode is raised in 
a 4-stage direct coupled transis- 
tor preamplifier, Te-Te, which 
ensures an amplification of 
about 10 000. The preamplifier 
is a slightly modified version of 
the one discussed in refer- 
ence 2. The amplified signal is 
coupled out to limiter [C4 via 
R31 and Coo The resistor 
prevents load variations and 
feedback effects from upsetting 
the sensitive preamplifier. 
Negative feedback control Ps 
enables finding the optimum 
signal-to-noise ratio for a wide 
range of input signal strengths. 
A high feedback level also 
allows suppressing to some ex- 
tent the interference from near- 
by luminescent tubes or TV 
sets. 

The well-known Type TBA120S 
FM demodulator comprises an 
excellent limiter circuit, which 
is used here to cancel the effect 
of the relatively strong AM 
noise on the received signal. In 
the present application, the 
quadrature detector in the chip 
is only used for driving the S- 
meter circuit. 

This is set up around ICe and 
T11, and enables evaluating the 
relative signal strength during 
the testing and setting up of the 
equipment. Preset P5 is ad- 
justed for minimum visible 
meter deflection when no 
signal is received. The voltage 
at pin 8 of the TBAI20S is 
smoothed by Coe, and rises 
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with the signal strength. This 
causes the emitter voltage of 
Ti: to fall, the collector current | 
to increase, and the meter to 
deflect. The maximum coil cur- 
rent in Mi can be set with the 
aid of Pe. Provided the pre- 
amplifier operates m its linear 
range, the meter indication is a 
direct measure of the received 
signal strength. It was already 
mentioned that the ratio of fc to 
Af is remarkably low in the pro- 
posed system. This fact makes it 
virtually impossible to use the 
quadrature detector inside the 
TBAI208 for obtaining sufficient 
AF output. With fc:Af as low as 
2, linear FM detection can only 
be achieved with the aid of a 
phase-locked loop (PLL) detec- 
tor. The Type NE565 (ICs) used 
here ensures a reasonable S/N 
ratio while requiring relatively 
few external components. The 
central frequency, fo, is deter- 
mined by PrtRas (R) and Car 
(C): 

fo=1/3.7RC [Hz]. [29] 
Preset Pr gives a VCO range of 
approximately 70 to 150 kHz, 
which is about equal to that of 
the transmitter. A 50 us deem- 
phasis network is formed by 
Rar-Ra7-Ca3o. The resistors are di- 
mensioned such that the de- 
modulated signal at pin 7 of the 
NES65 is direct coupled to 
buffer Tie, obviating the need 
for an additional coupling ca- 
pacitor. The on-board AF 


power amplifier is a standard 
application of the Type LM386. 
Some 250 mW of AF power is 
available for driving a head- 
phone set, or a miniature 4 or 
DQ NOSSSpeSEet, 
For portable applications, the 
receiver is fed from a 12 V bat- 
tery. Current consumption is of 
the order of 35 mA. The 
transmitter and the receiver 
should not be powered from a 
common supply or battery. This 
is in view of the relatively high 
peak currents in the transmitter 
in combination with the high 
sensitivity of the receiver. The 
100 kHz pulses are readily in- 
duced direct into the receiver, 
and so make the correct adjust- 
ment of the system virtually im- 
possible. The preamplifier in 
the receiver is essentially a 
wideband type, and  inter- 
modulation problems may arise 
when it is used in the direct 
vicinity of powerful medium or 
long-wave transmitters. 


Construction: the 
electronics 


The track layout and compo- 
nent overlay of the printed cir- 
cuit board for the IR transceiver 


TI 


Parts list 


Resistors (+ 595]: 
Ri:Ra:R7:Re:A1s;R22:Rai = 10K 
W= VOR, 
Ra=3K9 
Rs-22KF .. 
He; R11; R12 2K 7 
Re-270R 
Rios BK2 
Rig Ria; Rda — A70R 
R16-22R; 0.5 W 
RizRi8;R20- 100K 
Ris=5K6 
H21:: 100R 
R23= 56K 


| H24;H37;H38 = 1MO 


R25 560K 

R26;R32- 15K 

R27;R28 - TKO 

R29;R33;R34;Ra5 = 2K2 

R30;R31 2 1K5 

Rasa 12K" 

Rae— 22K" 

H39— 4K7 

Rao;R43- IKB 

R42 - 68R 

R46 - 10R 

R47 - 68K 

P1;P5= 10K 

P2=5KO or 447 

P3-470R or 500R 

P4=250K or 220K 

Pe=25K or 22K 

P7=2K2 or 2K5 

Pe=10K logarithmic poten- 
tiometer 


Capacitors: 
C1:Ce=2u2; 16 V; radial 


C2=1NOJ; styroflex/polystyrene 
C3;C26 — 4u7; 16 V 
La Vend: WS 
Cs - 680pJ; 
styroflex/polystryrene 
C7;Ca;C24;C33 = 100n 
Ca;C13- 10u; 16 V; radial 
C10;C36- 104: 35 V; tantalum 
bead 
C11-2820pJ; 
styrofiex/polystyrene 
C12;C15: 1 16 V; radial 
C14-471;16 V; radial 
C16-44u7; 35 V; tantalum bead 
C172 150p ceramic 
C18;C12;C20;C23 - 10n ceramic 
C21;C22 — 22n ceramic 
C25 - 10u; 16 V; axial 
C27;C23= 1nd 
Cz8-10n 
C30- 4n7 
C312 Bn8 
C32 - 1j; 16 V; axial 
C34-47n 
C35-220u; 16 V; axial 


Ceramic capacitors are plate or 
disc types with a lead spacing 
af 2.5 mm. 


Semiconductors: 

DI-6V2: 400 mW zenerdiode 
D2...De inci.:' De - 1N4148 
D7-LD271 or LD271H 

Da -BP104 
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Fig. 11 Track layout and component mounting plan of the PCB for building the IR transceiver. 
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IC) - NE5534 
C2 - CA3240E 
103-7555 or TLC555 


(Ca - TBA1208 Ido not use T or 
VS 

IC6=NE565 or LM565C 
ICe - TLO81 

IC7=78L10 

IC8 -LM386 

T5 T3;Taà  BC549B 
Tz;iTa...T12 incl, 2 BC559B 
Ts=2N2219A 

Té=BC550C 
T7:18=BC547B8 


Miscellaneous: 


Suitable heat-sink for Ts ` 

PCB Type 87179 [not available 
through the Readers Services). 

M= 100 4A...1mA 
rectangular S-meter. 

Loudspeaker; B 9: 0,5 VV. 

2 off 5-way DIN sockets (180°). 

1 off 2-way DIN loudspeaker 
socket. . 


' See text. 


Readers wishing to make their 
own PCB for this project are 
advised that a true-size copy of 
the track layout is available on 
request. For details on 
ordering, please consult the 
Readers Services page in this 
issue. 
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are given in Fig. ll. The board is 
cut in two along the dotted line 
to enable building the transmit- 
ter and the receiver separately. 
Commence the construction 
with populating the transmitter 
board, starting with the single 
wire link to the right of Pi. All 
resistors and diodes, and most 
capacitors, are fitted upright. 
Use sockets for all 3 ICs, and 
observe the correct orientation 
before these are plugged in. 
Also verify the polarity of the 
radial electrolytic capacitors, 
and the tantalum bead capaci- 
tor, Cio. Do not fit Ts until a 
suitable heat-sink to is to hand. 
The Q-shaped heat-sink used in 
the prototype transmitter was a 
type for cooling RCB and video 
output transistors on a salvaged 
TV chassis. A push-on TOI8 or 
TOS style heatsink is only 
usable when the nearby 
soldering pins are kept short, 
and the enclosure of Ts is well 
above the surrounding compo- 
nents. Temporarily fit the IRED 
direct onto the relevant 
soldering pins, but do not cut 
off the leads as yet. 

The receiver board is also fairly 
densely populated. All resistors 
are fitted upright, and there is 
also a single wire link, namely 
in between IC4 and ICs. Use 
sockets for all ICs. Fit the 
photodiode straight onto the 
soldering pins, observing the 
correct polarity. Push-fit 
Te. ..T1o incl. and the ceramic 
plate or disc capacitors as far as 
possible towards the PCB sur- 
face before soldering. Volume 
control Pe is temporarily fitted 
direct onto the relevant 
soldering pins. Connect a small 
loudspeaker, and a suitable 5- 
meter, to the relevant terminals 
on the board. 


An initial test 


Place the transmitter some 3 
metres away from the receiver, 
and point the IR components at 
each other. Set the presets on 
the transmitter as follows: Pi 
34 cw: Pa to mid-travel; Pa Va cw. 
Connect the +12 V and | ter- 
minals on the transmitter to a 
regulated 12 V supply, and ap- 
ply a -20 dB; 1 kHz sine-wave to 
the Lt-Lg& inputs. Power up the 
transmitter. The current con- 
sumption should not exceed 
100 mA. Set U+ to 43.5 V. 
Switch the transmitter off. 

Turn the presets on the re- 
ceiver board as follows: P4 
Va cw; Ps and Pë to mid-travel; 


P: ^^ cw. Feed the receiver 
from a separate 12 V supply or 
battery. Switch on the power, 
and turn up the volume control 
until steady noise is heard. 
Some rattle may be audible if 
the photodiode 'sees'' sources 
of interference such as the light 
from luminescent tubes. Switch 
on the transmitter, and adjust 
VCO preset Pr until the signal 
is heard. Optimize the recep- 
tion by adjusting Pa, this is 
fairly critical. Reduce or in- 
crease the modulation strength 
as required. Verify that the 
transmitter power can be ad- 
justed with Pa. 

Block the incident IR beam with 
an available object, and 
measure the direct voltage at 
pin 8 of IC4. Null the S-meter 
by adjusting Ps. Restore the IR 
link by removing the object, 
and reduce or increase the 
S-meter 

deflection by adjusting Pe until 
the fs.d. indication is reached. 
Due to the tolerance on the bias 
voltage on pin 8 of the TBA1205, 
it may be necessary to redimen- 
sion Rss and/or Rae to ensure a 
narrow enough span of the sen- 
sitivity preset, P5. It should be 
noted that every change in the 
setting of feedback preset Pa 
requires readjusting Ps. Thanks 
to the use of current source Te, 
the S-meter can be almost any 
type with a sensitivity of 100 vA 
to 1 më. 

Properly aligned, and without 
the use of lenses or reflectors, 
the system should have a range 
of 6 to 8 metres. Verify this with 
the transmitter set to maximum 
power, and peak Pa and P: for 
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Fig. 12 The positioning system for the IRED, and the receiver 
assembly ready for fitting into the tube. 


optimum reception when there 
is considerable noise on the re- 
ceived signal. 


The optics 


The lens for the receiver is a 
type removed from an inex- 
pensive looking or reading 
glass, available from opticians 
or stationers. The quality of the 
glass is not important, and the 
handle is, of course, not used. A 
diameter of about 100 mm is 
convenient because it allows 
the lens to be fitted into a length 
of PVC draining tube, pur- 
chased complete with a suit- 
able PVC end cap. Two 10 mm 
wide rings are cut from the 
tubing. A 10 mm wide gap is cut 
into each of these these rings to 
enable push-fitting them in the 
tube, where they keep the lens 
securely locked at either side, 
still allowing its position to be 
adjusted in accordance with 
the focal length. Provisionally fit 
the lens at one extreme of the 
tube and ascertain the focal 
length as indicated under Op- 
tical amplification. Most lenses 
with r-50 mm have a focal 
length of about 25 cm. Make a 
note of the empirically found 
focal length, and mark the en- 
visaged, approximate, position 
of the photodiode on the out- 
side of the tube. The receiver 
board is mounted lengthwise 
inside the tube, with the 
photodiode connected direct 
to the input pins. 
A perspex disc with a central 
hole for the photodiode is cut to 
fit into the tube. The front side 
of this disc should be painted 
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matt black, or covered with 
black cardboard. 

The receiver board is held on a 
rectangualar piece of perspex 
fitted between the disc and the 
PVC end cap. The photodiode 
should be level with the front 
side of the blackened perspex 
disc, and exactly at the centre 
ofthe hole to ensure the correct 
position on the axis of the lens. 
The rectangular block of 
perspex is cut, glued to the 
disc, and screwed onto the end 
cap for additional stiffness of 
the receiver assembly. The end 
cap is drilled and cut to hold 
the volume control, the S-meter, 
and a 5-way DIN socket for con- 
necting the headphones or the 
loudspeaker, and the power 
supply. The cap is secured to 
the tube with the aid of 3 
screws, which, unlocked, 
should enable sliding the re- 
ceiver assembly about 40 mm 
horizontally. 

The tube is fitted on a photogra- 
pher's tripod with the aid of a 
suitable mounting plate and 
bolt. As a finishing touch, an ad- 
justable finder may be mounted 
onto it. The receiver assembly 
is shown in Fig. 12. 

It should be noted that the use 
of infra-red rather than visible 
light results in an increase of 
about 2% in the stated focal 
length of the lens. The average 
beamwidth of the previously 
discussed receiver system is of 
the order of 2° 


The reflector at the transmitter 
side is a round headlight or fog 
lamp picked up at a car 
breaker's yard. The reflective 
area should be smooth and un- 
stained. Rectangular reflectors 
for use with halogen lights are 
less suitable. Select a fairly con- 
cave lamp that is complete with 
an intact, non-coloured glass 
cover, a bulb and mounting 
hardware. 

Consult Fig. 5c and Fig 12 for 
the suggested way of mounting 
the IRED Never attempt to 
clean the reflective surface 
with anything but a dry cloth. 
Remove the bulb and carefully 
break and remove the glass. 
With some mechanical skill, the 
bayonet fitting can be con- 
verted into the positioning 
system for the IRED. It is poss- 
ible, for instance, to divide the 
copper surface ofa piece of un- 
etched circuit board into 3 in- 
sulated areas; 2 small ones for | 
connecting the IRED terminals 
to the wires to the transmitter, 
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while the larger area is used for 
fitting 3 spring-loaded, M30x3 
adjustment screws, which are 
accessed at the rear side. 
Before mounting the IRED onto 
this plate, the beam must be 
converged with the aid of a 
standard red, 5 mm LED, which 
is temporarily powered from a 
12 V supply via a 1 kQ series re- 
sistor. Place the reflector as- 
sembly in a darkened room, 
and find the LED position that 
results in a clear red spot pro- 
jected onto a vertical surface at 
a distance of 6 to 8 metres. 
Make the spot as bright and 
sharply defined as possible by 
adjusting the inclination of the 
LED with respect to the axis of 
the reflector. The LED can then 
be replaced by the IRED, which 
should have exactly the same 
position. The author's prototype 
mounting system is shown in 
front of the receiver assembly 
in Fig.12. Replace the glass 
and re-assemble the 
lamp. Provide a mounting 
system for fitting it onto a pho- 
tographer's tripod, or build a 
wooden cross for placing the 
reflector securely onto a 
horizontal surface. The elev- 
ation system of the lamp should 
be retained and kept oper- 
ational. 


The transmitter board can be | 


fitted in a suitable ABS 
enclosure for securing onto the 
vertical rod of the tripod. Do not 
forget to drill holes in the top or 
bottom lid to enable accessing 
the presets. The transmitter in- 
put is a 5-way DIN plug, the out- 
put to the IRED a 2-way DIN 
plug as used for loudspeakers. 
Drill additional holes to prevent 


overheating of Ts. The zener 
diode, Di, also gets fairly 
warm, but requires no cooling. 
The relatively thick supply 
wires are secured with a strain 
relief and fed through a 
grommet. 


Field trials, duplex 
operation, 

applications 

Find a line-of-sight path of 
about 50 metres for an initial 
trial, and increase the distance 
covered with, say, 10 metres at a 
time. The reflector and the lens 
have extremely narrow beam- 
widths, and their aiming re- 
quires some experience. 
Carefully slide the receiver as- 
sembly in the tube, and adjust 
the IRED position, until recep- 
tion is optimum. For distances 
over 1,000 metres it is rec- 
ommended to use field-glasses 
and, if possible, a set of PMRs 
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for maintaining the contact. A 
well-aligned finder fitted on the 
receiver will soon prove indis- 
pensable. Never aim the re- 
ceiver tube at the sun when this 
is bright; the destruction of the 
photodiode will be immediate. 
Two-way communication is 
possible with a complete 
transceiver at both ends. Pro- 
vided the reflector is placed 
ahead of (but not in front of) the 
local receiver, it is not even 
necessary to use different fre- 
quencies. 

Applications of the present 
transceiver include wireless 
car security systems, and per- 
manent, wireless, intercoms be- 
tween homes. A security 
system can be set up for the 
home by placing plane mirrors 
at suitable locations. The 
transmitter is powerful enough 
to project an invisible beam all 
around the house. In this appli- 
cation, the disappearance of 
the carrier could be detected 
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by the sounding of an alarm. It 
may not always be necessary to 
use a reflector and lens of the 
size indicated above. Even the 
plastic reflector from a pocket 
torch, in combination with a 
40 mm lens, will enable com- 
munication over considerable 
distances. Convex or plane mir- 
rors could be used for chang- 
ing the direction of the IR 
beam. More powerful IREDs, 
and perhaps even lasers, in 
combination with more sensi- 
tive photodiodes may increase 
the distances covered without 
the use of lenses or reflectors, 
but care should be taken to sel- 
ect a combination for the same 
wavelength. 

Finally, the maximum distance 
covered with prototypes of the 
transmitter-receiver Was 
1,750 m in a single-way link, and 
1,350 m in a duplex link. The 
author is interested in hearing 
about your experiences with 
the system through Elektor 
Electronics. D;FYZ,Bu 
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remote control system. Elektor 
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A good general introduction 
into optoelectronics can be 
found in: 

Optoelectronic components. 
Siemens handbook, ed. 85/86. 





PEOPLE 


Major General Gordon 
Oehlers, who spent 30 years in 
the Royal Signals, is to become 
British Telecom's Director of 
Security and Investigation. Gor- 
don Oehlers, CB, CEng, FIEE, 
MIERE, (54), comes to British 
Telecom from the Ministry of 
Defence where he was Assist- 
ant Chief of the Defence Staff 
(Command, Control, Communi- 
cations, and Information 
Systems). 





Mr David Hopkins, Managing 
Director of Dorman Smith 
Switchgear Ltd, has been 
elected President of the Elec- 
trical Installaion Equipment 
Manufacturers' Association 
(EIEMA). Mr John S. Hurn, Man- 
aging Director of Duraplug 
Electricals Ltd, is the new 


| Deputy President. 


Mr Ray Wigg, Director of Inter- 
national Operations, MK Elec- 
tric Ltd, has been appointed 
Chairman of BEAMA's Inter- 


nationa] Trade Policy Com- 
mittee. Mr John P. Harbord, 
Regional Director India, GEC 
Turbine Generators Ltd, has 
been appointed a member of 
the committee. 


Mr SC. Vaughan, BSc, CEng, 
MIProdE, has been appointed 
the new Vice Chairman of the 
Machine Tool Trades Associ- 
ation's Exhibition Committee. 


Amphenols Military and 


Aerospace Division at 
Whitstable have announced the 
appointment of Tony Bright as 
Sales Manager, Military and 
Aerospace products. 


Highlands Electronics Ltd have 
appointed John Bergin to the 
new position of Sales Executive 
with special responsibility for 
connectors. 





THE UNIX OPERATING SYSTEM 





Now that the US and the EEC are endorsing the UNIX operating 
system, and the X/Open Group of European and American 
computer manufacturers are basing their common standards on 
UNIX, it seems timely to have closer look at this system. 


To begin with, it is useful to 

state that UNIX is no more and 

no less than a computer 

operating system, that is, a 

| program that enables users to 

operate the computer accord- 
ing to an agreed set of com- 
mands and utilities. Therefore, 

UNIX 

— 1s not the latest programming 
language; 

— has essentially nothing to do 
with graphics assisted pro- 
gramming; 

— has provisions for manipu- 
lating the computer memory, 
whether resident as hard- 
ware, or in the form of a mag- 
netic storage device (tape; 
hard disk). 

— forms the lowest command 
level for loading and running 
higher language interpreters 
and compilers (C; Cobol, 
Fortran). 


UNIX in its most elementary 
form is fairly crude, and has 
none of the user friendly 
features offered by currently 
avalable PC operating systems 
as, say, PC Boss, GEM, POWER, 
or MS Windows. It is an 
operating system intended 
mainly for minicomputers and 
mainframes that communicate 
with a number of users via ter- 
minals. The system is, therefore, 
said to have multi-tasking and 
multi-user capabilities, and the 
operating speed of the com- 
puter depends on the pro- 
cessor load caused by the users 
accessing and manipulating 
various data fields, utilities and 
programs in the memory. One 
of the most important points 
about UNIX is its portability, 
which means that it can be in- 
stalled on any (big) computer 
running the C programming 
language—more about this 
later. The recently introduced 
fast PC ATs, hard disks, 80286 
and 80386 based PCs, RISC (re- 
duced instruction. set) com- 
puters, transputers, and the 
absence as yet of a supporting 
disk operating system (DOS) 


from MicroSoft, have furthered 
the interest in UNIX, which, in 
its most rudimentary form, has 
long been the exclusive do- 
main of academic and scientific 
institutions. Whence, then, the 
interest in a fairly primitive 
operating system when existing 
DOS versions support full- 
screen command editors, turn- 
key and ready-programmed 
utilities for complex file oper- 
ations, and computer control 
direct from a keyboard? Surely, 
these are preferable to a ter- 
minal and a serial link to and 
from the computer? The answer 
to this is, paradoxically, another 








are so fast, and come with so 
much memory at affordable 
cost, why not share their 
capabilities between several 
users? 


The story of UNIX 


The evolution of UNIX is shown 
simplified in Fig. 1. In 1969, 
two programmers at the Bell 
Laboratories, K Thomson and 
D Ritchie, decided to develop a 
time sharing system for the 
PDP-7 computer. The program 
was written in assembler code, 
and named MULTICS. Some 
years later, the higher program- 


oped, and applied to MULTICS 
to make this portable to other 
systems. The resultant oper- 
ating system was called UNIX, 
and Bell Labs distributed it to 
many non-profit institutions, in- 
cluding the University of 
California, Berkeley. Due to 
various political and economic 
reasons, UNIX was further 
developed in numerous other, 
mainly academic, institutions, 
and all standards seemed to be 
lost for a time. Reseachers at UC 
Berkeley, however, once more 
applied the latest version of C 
to UNIX, and came up with the 
so-called C shell, which gave 
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Fig. 1 The history of UNIX is one of many derivatives, licence holders and marketers., 








earlier Bourne shell in im- 
plementing the system on a 
mainframe. The shell of UNIX is 
the part of the softyvare that 
translates the user's commands 
into workable code for the 
kernel, which forms the 
system's "brain". The programs 
that run under UNIX have direct 
access to the kernel. Program- 
mers at AT&T reworked UNIX 
using the C shell, and eventu- 
ally released SYSTEM 3. They 
also agreed to support licence 
holders for this product, and 
worked on further  im- 
provements as to compatibility 
with previous releases. 
Microsoft, DEC and IBM were 
among the many marketeers to 
use UNIX as the basis for a new 
operating system. While DEC 
and IBM worked on software 
and hardware for mainframes, 
or, in any case, large com- 
puters, Microsoft came up with 
a version of UNIX that could be 
implemented on 8086 and 8088 
based machines, in other 
words, the (IBM compatible) 
personal computer. XENIX is a 
fairly large operating system, 
requiring at least 512 Kbytes of 
RAM, and a 10 MB hard disk. It 
is a multi-user and multi-tasking 
system that runs PC DOS as a 
subset or concurrently Ob- 
viously, the speed of XENIX is 
not up to that of a mainframe, 
even if the processor load is 
relatively light. 


PC/IX is marketed by IBM, and 
is not a true version of UNIX in 
that it supports but one user. It 
can, however, run multiple 
tasks, and supports the DOS 
functions. Contrary to XENIX, 
PC/IX uses the Bourne shell. 

With the arrival of the previous- 
ly mentioned new generation of 
fast PCs, the need arose for a 
single, standardized, version of 
UNIX, which at that time existed 
in a multitude of derivatives. For 
the first time since the develop- 
ment of MULTICS, written in 
assembler code, the hardware 
configuration of the computer 
running UNIX became a major 


| issue—remember that UNIX in 
| the form of a C file required 


compiling and adapting certain 
"modules", particularly in the 


| shell, to suit the particular hard- 


ware used; this was all for the 
sake of portability, which enabl- 
ed programs written in higher 
languages, such as Fortran or 
Cobol, to be loaded and run on 
many types of computer. It can 
be argued, therefore, that UNIX 


the professional fields to the 
programming language C, 
which has, meanwhile, 
developed into many different 
versions, the best known of 
which is probably Borland’s 
Turbo C. 

Three years ago, a number of 
computer hardware manufac- 
turers teamed up to form the 
X/Open Group, which includes 
Bull, Ericsson, Nixdorf, Olivetti, 
ICL, Philips, DEC, Unisys, 
Hewlett Packard, and Siemens. 


Recently, AT&T also became a 


member, while Gould and 
Honeywell are bidding for ac- 
ceptance in the group. 

The aim of the X/Open group is 
to set the hardware standard for 
the UNIX operating system, 
and, possibly, to arrive at a com- 
plete integration of UNIX and 
DOS. The starting point for the 
Group’s proposals is UNIX 
System 5, and the associated 
System V Interface Definition 
(SVID) from AT&T. The new ver- 
sion of UNIX will be called 
POSIX (portable UNIX). 


Working with UNIX 


The scope of this introductory 
article does not allow detailing 
every aspect of the UNIX 
operating system. None the 
less, some idea will be given 
how a user communicates with 
the computer through UNIX, or, 
more precisely, the UNIX shell. 
Via the terminal, console or PC, 
the user must first log into the 
system and state a valid 
password to gain access to the 
files and/or programs in 
(sub)directories he is author- 
ized to work with. Some of the 
simpler utilities in UNIX are 
resident, i.e., always available ir- 
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respective of the file or direc- 
tory currently opened. As an 
example, Fig. 2 shows the direc- 
tories available to user Henryz2, 
who operates one of the ter- 
minals in the system. Henry2 
has access to files in the direc- 
tories set up for Fortran, Word- 
processing, Desktop 
Publishing (DTP), and Com- 
puter Assisted Design (CAD), 
but not to Accounting. Each of 
the directories shown is div- 
ided in a number of subdirec- 
tories, and files can be 
transported between them. So 
far, the system looks very 
similar to a DOS tree structure. 
In principle, there is no limit on 
the number of directories, pro- 
vided there is enough space on 
the hard disk. Several users may 
access the same file simul- 
taneously, 
tasks may be carrried out in the 
background, that is, the user 
starts the relevant command se- 
quence, and the computer 
determines the appropriate mo- 
ment for dealing with it and 
presenting the output. So- 
called pipes and filters can be 
set up to feed the output of one 
command to the input of the 
next. Using command tee, it 1s 
even possible to specify the lo- 
cation of a tee fitting in pipe. 
This enables feeding data in 
paralel to two files or com- 
mand sequences simul- 
taneously. 

UNIX has a number of built-in 
editors, which are all much 
more powerful than the well- 
known DOS line editor, EDLIN. 
Depending on the data in- 
volved, and the type of ter- 
minal, the user selects the line 
editor (ed or ex), the screen 
editor (vi), or the stream editor 
(sed) before calling up a file or 
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Fig. 2 Example of directories and subdirectories that can be 
owes some of its popularity in 1 accessed by a user in a UNIX system. 
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running an application 
program. UNIX has commands 
and utilities for scanning, con- 
catenating, deleting, copying, 
dating, sorting, comparing, 
locking, filtering, encrypting 
and copying files. If a particular 
file operation is expected to 
cause a considerable pro- 
cessor load, it can be carried 
out in the background, or even 
in the absence of the operator. 
In most UNIX based systems, 
there is a central system con- 
troller who assigns the priority 
levels to the users, and deter- 
mines whether or not they have 
access to certain directories. 
Usually, the controllers own 
terminal has the highest pri- 
ority, and is located near the 
computer. The controller's task 
is to monitor the processor 
load, and, if hecessary, redirect 
commands to the background 
level. 


Unix and MS-DOS: 
competition or 
integration? 

It is interesting to note that the 


term DOS has become a 
synonym for computer 
operating system, whereas, 


strictly speaking, it is only a 
disk operating system. UNIX is 
a computer operating system in 
the true sense of the word, and 
DOS, therefore, forms a part of 
it. 

As already stated, the new 
32-bit microcomputers are 
definitely fast and powerful 
enough to Carry a 
"heavyweight" operating 
system such as UNIX, if this is 
supported by the hardware 
standards proposed by the 
X/Open Group. But what is the 
future of such a standard if IBM 
is not a member of the group? 
Every PC user knows that there 
exists a massive amount of soft- 
ware running under MS-DOS, 
and fears may arise that this is 


| Incompatible with the PC ver- 


sion of UNIX that will even- 
tuallye volve from the Group's 
activities. Fortunately, IBM con- 
siders it "consistent to support 
Posix as a standard as well as 
enhancements to it", to quote 
the company's market develop- 
ment manager, Mr Art 
Goldberg. IBM, in co-operation 
with Interactive Systems, has 
already 
computer for professsional ap- 


introduced a UNIX | 


plications: the Type 6150 PC RT | 


UNIX. For 80386 applications, 
the companies have developed 
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a virtual machine monitor 
called VP/ix. This makes it 
possible to support multiple 
DOS users under UNIX. Re- 
cently, AT&T licensed Microsoft 
to develop a 80386 based ver- 
sion of UNIX, as a follow up of 
XENIX. 

The Model 80 in the recently 
launced Personal Series 2 com- 
puters from IBM can run the 
proprietary Operating System 2 
(O52) as well as DOS version 3.3. 
OS2 is similar to UNIX and 
XENIX in that it allows running 
programs in the background. 
Nevertheless, IBM have ten- 
tatively announced their own 
version of UNIX for the Model 
80. 


A lot is happening in the cur- 
rent computer scene, and the 
announcements of major com- 
puter manufacturers and soft- 
ware houses concerning UNIX 
follow in rapid succession. It 
wil take some time, though, 
before UNIX will be available to 
the user of a personal computer 
that is not part of a network. 


Meanwhile, the development of 
suitable LANs (local area net- 
WOrks)is an important aspect in 
the discussion on software for 
multi-user systems. It is not 
unlikely that the work of the 
X/Open Group will provide a 
strong impulse for the standar- 
dization of networks with, say, 


UNIX(r) VAX11/750 
# ; 
login:  henry2 
password: intime 
K who 


William ttyO3 Nov 


to 16 users. 

As usual in the computer 
business, the users are after 
standardization and cost effec- 
tiveness, and the manufacturers 
after increasing their sales. 
Numerous events in the past 
have shown that these interests 
are at best. . . incompatible. 
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A typical programming or file editing session under UNIX starts 


with the login procedure. 


For further reading: 


Unix on the IBM PC, by William 
B Twitty. Glentop Publishers, | 
ISBN 1 85181 061 7. 


DEC is a registered trademark 
of Digital Research. 
IBM, IBM PC and PC/IX are 


trademarks of International 
Business Machines Cor- 
poration. 


UNIX is a registered trademark 
of Bell Laboratories. 

XENIX , MS Windows and MS- 
DOS are registered trademarks 
of Microsoft Incorporated. 





CMOS Circuits 
Manual 


by R.M. Marston 

ISBN 0 434 91212 3 

190 pages — 216x138 mm 
Price £9.95 (soft cover) 

CMOS digital ICs have con- 
siderable advantages over 
other digital [Cs, including all 
members of the TTL family. In 
particular, they can be readily 
operated from unregulated 
supply voltages in the range 5 
to 15 volts; draw virtually zero 


quiescent or standby current; | 


have near-infinite input im- 
pedances; and are very easy to 
use. They are readily available 
in a large variety of device 
types and have a multitude of 
practical applications in the 
home, in the car, and in in- 
dustry. 

CMOS Circuits Manual is in- 
tended as a single-volume 
guide to the user, and is 
specifically aimed at the prac- 
tising design engineer, techni- 
cian, and experimenter, as well 
as at the electronics student 
| and amateur. It deals with the 
| subject in an easy-to-read, 
down-to-earth, non-mathemat- 


ical, yet comprehensive man- 
ner. It starts by explaining the 
basic principles and character- 
istics of the CMOS family and 
goes on to describe circuits 
ranging from simple inverters 
and gates to complex counters 
and decoders, with a large 


I number of clock and pulse gen- 


erator designs. 


William Heinemann Ltd 
22 Bedford Square 
LONDON WCIB 3HH 


BRITISH 
STANDARDS 


There are a number of new or 
reissued British Standards, the 
more important of which (for 
electronics/telecommuni- 
cations engineers) are listed 
below. 


BS6865: time and control codes 
for video tape recorders. 

This standard is identical with 
IEC461:1986 and will help over- 
come the absence of a standard 
digital code format and modu- 
lation method for timing and 
control purposes of television 
tape machines and/or associ- 


ated separate audio recorders. 


BS6865 is priced at £25.60 
(£10.24 to BSI subscribing 
members). 


BS6758: Type C helical video 
tape recorders. 

This standard applies to mag- 
netic video recording and/or 
reproduction using 25.4 mm 
tape on Type C helical video 
tape recorders suitable for 
broadcast applications. The ob- 
ject of the standard, which is 
identical with IEC558:1982, is to 
define the electrical and mech- 
anical characteristics of equip- 
ment which will provide for in- 
terchangeability of recordings. 


BS6840: Sounds system equip- 
ment, 

This standard will consist of 16 
parts, of which eight are still in 
preparation. It applies to sound 
systems of any kind, and to the 
parts of which they are com- 
posed or which are used as 
auxiliaries to such systems. 
The standard deals with the 
determination of the perform- 
ance of sound system equip- 
ment, the comparison of these 
types of equipment, and the 
determination of their proper 


practical application, by listing 
the characteristics which are 
useful for their specification 
and laying down uniform 
methods of measurements for 
these characteristics. 


BS5942: High fidelity audio 


equipment and systems; 
minimum performance  re- 
quirements. 


This standard applies equally to 
monophonic, stereophonic and 
multichannel equipment and 
systems. It consists of 10 parts in 
which the requirements for the 
individual units of a system are 
given: (D General; (2) Radio 
tuner units; (3) Record playing 
equipment and cartridges; (4) 
Magnetic recording and play- 
back equipment; (5) Micro- 
phones; (6) Amplifiers; (7) Loud- 
speakers; (8) Combination 
equipment; (9) Magnetic tapes 
for audio recording; (10) Head- 
phones. 


All British Standards 
available from 

BSI 

2 Park Street 

LONDON WIA 2BS 


are 
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Television and 
Video 
Engineers 
Pocket Book 


by Eugene Trundle, MSERT, 
MRTS, MISTC 

ISBN 0 434 90197 0 

323 pages — 190x108 mm 
Price £9.95 (hardback) 

This is a gem of a bock, written 
by a television/video service 
engineer for practising service 
engineers. As would be ex- 
pected, therefore, ìt is 
thoroughly practical in its ap- 
proach to the myriad of fault 
symptoms service engineers 
everywhere are regularly con- 
fronted with. 

The book is aimed primarily at 
engineers working on System I 
equipment, but it has not 
overlooked the other systems in 
use (NTSC, SECAM, and PAL- 
Europe), so that it can be used 
by service engineers through- 
out the world. 

Another attraction of this 
thoroughly recommended 
book is its price, which should 
make it possible for every hard- 
working, low-earning service 
engineer to acquire his own 
copy. 

William Heinemann Ltd 

22 Bedford Square 

LONDON WCIB 3HH 


Antennas: 
Volume 1 - 
General 
Principles 


sy E. Roubine & J.C. Bolomey 
ISBN 0 946536 06 6 
TE pages — 235x160 mm 
Price £21.50 (hardback) 
Isis work, based on lectures 
en by its authors at the École 
epérieure d'Électricité, is in- 
eo give engineers and 
electrical/elec- 
sur engineering a thorough 
zoendmg in the theory of 
™enmes and their applications. 
. = & synopsis of classical 
sromsonetism on which the 
f antennas is based, 
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supplemented by a discussion 
of the basic elements of optics. 
Part 2 deals with fields and 
radiated power, gain, im- 
pedance, coupling, and other 
aspects common to all anten- 
nas. Much space is given to the 
subject of reception and to 
numerical methods. 

Volume 2 is devoted to appli- 
cations and is roughly divided 
between large and small anten- 
nas, based on state of the art 


themes which provide plenty of 


scope for instruction. This 
volume is due to be published 
in a few months's time. 

The authors are not only lec- 
turers at one of Europe's 
foremost Schools of Electrical 
Engineering, they are also prac- 
tising engineers. The present 
work is, therefore, an integrated 
discourse that will be of practi- 
cal use to anyone working with 
antennas. 

This book, ably translated from 
the French by Meg Sanders, 
could well become a standard 
work on antennas. 


North Oxford 
Publishers Ltd 
120 Pentonville Road 
LONDON NI 9JN 


Academic 


Electronic 
instruments and 
measurement 
techniques 


by F.F. Mazda 

ISBN 0 521 26873 7 

312 pages — 245x170 mm 
Price £37.50 ($69.50) (hard- 
back) 

Not so long ago, an electronics 
engineer's complete range of 
test instruments normally con- 
sisted of an AVO meter, an os- 
cilloscope, and possibly some 
kind of signal generator. These 
were sufficient for the majority 
of manufacturing, servicing, or 
even development tasks. 
Things have changed con- 
siderably, and nowadays the 
field of electronic measure- 
ments and instrumentation is 
vast. This book attempts to 
cover all the major areas: it 
gives an understanding of the 


1 


principles involved in elec- 


tronic measurements, and 
describes the fundamental 
aspects of the instruments and 
their basic operations. 

The book is divided into three 
parts: the first deals with the 
fundamentals of measurement; 
the second describes general 
purpose instruments; and the 
third deals with measurement 
techniques of a specialized 


nature. It also includes a 
chapter on optoelectronic 
measurements, including a 


description of optical units, op- 
tical measurement techniques, 
and fibre optic systems. 

This is a very welcome work on 
an important field and should 
prove useful for many years to 
come to practising engineers, 
students, and serious en- 
thusiasts alike. 


Cambridge University Press 
The Edinburgh Building 
Shaftesbury Road 
CAMBRIDGE CB2 2RU 


An Introduction 
to Antenna 
Theory 


by HC. Wright 

ISBN 0 85934 173 9 

86 pages — 178x110 mm 

Price £2.95 (softback) 

À lovely little book that gives a 
good introduction to the basic 
concepts of receiving and 
transmitting antennas, without 
becoming too mathematical. 
Apart from dealing with most 
aspects of antennas, the book 
also includes a list of ex- 
perimental papers and a list of 
recommended further reading. 
Cood value for money. 

As a footnote, readers may be 
interested to know that they will 
receive, free of charge, a copy 
of the new 1988 Babani 
catalogue by just sending their 
name and address to 


Bernard Babani (Publishing) 
Ltd 

The Grampians 

Sheperds Bush Road 
LONDON W6 ZNF 
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Video 
Handbook 
(Second 
Edition) 


by Ru van Wezel 

ISBN 0 434 92189 0 

455 pages — 240x160 mm 
Price £30.00 (hardback) 

The Video Handbook presents 
in one volume most of the infor- 


| mation needed to understand 
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video. It is a thoroughly practi- 
cal book intended for technical 
personnel in video/television | 


production companies, 
students, and serious en- 
thusiasts. Theoretical  con- 


siderations have been kept to 
an absolute minimum. 

Early chapters cover television 
standards, transmission, the 
structure of the complete video 
signal, cameras and tubes, in- | 
cluding a  build-it-yourself 
monochrome camera. The 
master control desk is dealt 
with in detail, including trick ef 
fects such as wiping and key- 
ing, and a simple self-build con- 
trol is described. 

Later chapters cover trans- 
mission and reception systems, 
cables, video recording and 
editing (open reel and cassette) 
and audio recording and 
playback. A chapter is devoted 
to community TV production 
techniques, including lighting, 
composition, scenario and 
make-up. 

Final chapters round off the 
coverage with measurements, 
design criteria, diagrams, test 
patterns, and print layouts. 

This excellent and comprehen- 
sive book has one flaw, how- 
ever, which may detract from its 
usefulness in many countries: it 
does not deal with the SECAM, 
NTSC, or even the PAL-Europe 
standard. À pity, and it must be 
hoped that this deficiency is 
put right in the 3rd Edition. 
William Heinemann Ltd 

22 Bedford Square 

LONDON WCIB 3HH 
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THE INMOS TRANSPUTER 
AND OCCAM 


A brief introduction to the higher programming language tailored 
to supporting the transputer's concepts of concurrency and 
parallel processing. 


Traditionally a computer is set 
up according 
Neumannn’s model: a central 
processor fetches instructions 
from a memory, and 
manipulates data accordingly. 
Whatever its speed and internal 
architecture, the processor can 
only handle a single instruction 
at a time. This is even true in 
multi-user and multi-tasking 
systems such as UNIX and con- 
current MS-DOS, where the pro- 
cessor is apparently engaged 
in several tasks ata time, but in 
reality assigns time slots to por- 
tions of the relevant task(s). Ob- 
viously, the faster the pro- 
cessor, the less users are aware 
of the time sharing process. 


The transputer is a radical 
departure from the von 
Neumannn concept. Trans- 


puters are optimized for true 
concurrency. Parallel pro- 
cessing of data and instructions 
is achieved by synchronized, 
very fast point-to-point com- 
munication channels between 
processes as well as individual 
transputer modules. There is, in 
principle, no limit on the 
number of transputer modules 
that can be connected to form a 
computer. In contrast to other 
processors, transputers enable 
defining the speed of the 
system simply by adding as 
many modules as required. 
Currently, the IMS T800 
transputer from Inmos is the 
fastest single chip microcom- 
puter available. In the so-called 
Whetstone benchmark test, the 
20 MHz version outperforms all 
of its 32 bit competitors, includ- 
ing the Fairchild Clipper, the 
National Semiconductor 
NS32332 — 32081 and Motorola's 
MC68020 —68881. Note that the 
latter 2 are combinations of a 
microprocessor and a floating 
point arithmetic co-processor; 
the transputer has both of these 
on a single chip. The calcu- 
lation performance of the IMS 
T800 is equal to that of the VAX 
8600 scientific computer from 


to John von 





DEC, while a network of 10 IMS 
T800 modules offers the speed 
and processing power of the 
Cyber 205 supercomputer from 
Contro] Data Corporation. 
Clearly, the hardware concept 
of true parallel processing im- 
plemented in the transputer 
guarantees a yet unheard of 
computing power, but at the 
same time calls for supporting 
software that exploits the con- 
currency, and so enables gain- 
ing most benefit from the 
transputer architecture. The 
answer was given by Inmos 
themselves in the form of the 
higher programming language 
Occam. 





Concurrency in 
software 


Before introducing the higher 
programming language Oc- 
cam, it is useful to note that a 
transputer can also run existing 
scientific programming 
languages including C, Fortran 
and Pascal thanks to the 
availability of suitable com- 
pilers. Interestingly, some soft- 
ware houses have applied the 
parallel programming con- 
structs available in Occam to 
implementations of existing 
higher programming 
languages, with the aim of op- 
timizing speed and perform- 
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Fig. 1 Block diagram of the IMS T800 transputer module from 


Inmos. 


Occam is not just a new pro- 
gramming language, it is the 
framework for designing con- | 
current, transputer-based, 
systems. Ás such, it is similar to 
Boolean algebra as the 
framework for designing with 
logic gates. Abstract logic func- 
tions can be realized, i.e., built 
using the actual gates, while the 
function of a number of these 
can be analysed in turn by the 
corresponding Boolean no- 
tations. Similarly, a process in a 
computer can be thought of as a 
black box, with inputs and out- 
puts. Processes can be connec- 
ted together by channels to 
build more complex, concur- 
rently operating, systems. A 
collection of processes is in 
itself a larger process with in- 
ternal and external concur- 
rency. The transputer has a 
scheduler which enables any 
number of concurrent pro- 
cesses to be executed together, 
sharing the processing time. 
Occam has provisions for sup- 
porting this hardware concur- 
rency, and is stated to be as ef- 
ficient as hand coding, ob- 
viating the need for an as- 
sembly language. The central 
processor in the transputer is so 
fast that procedure calls, pro- 
cess switching and interrupt 
latency all have a duration in the 
sub microsecond region. Pro- 
cesses waiting for communi- 
cation or a timer function do not 
consume CPU time. The 
floating point unit in the IMS 
T800 is a 64-bit type to ANSI- 
IEEE 754-185, operating fully 
concurrent with the processor 
at more than 1.5 MFLOPs. Data 
between processes is trans- 
ferred via links, which are 
either unidirectional or bidirec- 
tional. The 4 available links are 
synchronized DMA block 
transfer mechanisms operating 
at a speed of 20 Mbit/sec, with 
10 and 5 Mbit/s also allowed for 
compatibility with other Inmos 
transputers (IMS T212, IMS 
T414). The internal 4 Kbyte 





memory can be accessed at 
120 Mbytes/s, and the IMS 
T800-30 can directly address 
an external memory area of 


4Gbytes at a rat of 
40 Mbytes/s. The block 
diagram of the IMS T800 


transputer is given in Fig. l. 


There exists a remarkable 
architectural relationship be- 
tween Occam and the 
transputer. With the introduc- 
tion of Occam, Inmos, like no 
other semiconductor manufac- 
turer, have succeeded in gear- 
ing software to hardware, and 
vice versa. 

In Occam, there are 3 primitive 
processes, namely input, out- 
put, and assignment. Each of 
these can be performed in 3 
ways: sequentially, in parallel, 
or alternatively. The latter term 
simply means that whichever 
data is first available is first pro- 
cessed. Parallel processes are 
set up by defining channels 
through which the data is 
routed. At first sight, Occam 
programs look very similar to, 
say, C or even Forth. This is 
because the writing down of in- 
structions on paper is in fact a 
sequential process: we can not 
express concurrency by 
writing 2 or more instructions 
over another, since this would 
make the text illegible. Thus, 
although the program is still 
made up of lines of instructions, 
these are not necessarily ex- 
ecuted in the indicated order, 
or in the order indicated by the 
instructions themselves (as is 
the case with, for example, 
GOSUB, ONERR, or GOTO in 
BASIC). Also note the complete 
absence of line numbers. 

The structure of an Occam 
program reflects the hardware 
concept of parallelism, but the 
programmer need not bother 
where and how the actual pro- 
cesses are executed in the 
transputer. Concurrent pro- 
grams are by no means easy to 
write and debug. And yet, Oc- 
cam is readily learnt once its 
formal description is known. 


The principles 

Two brief examples will be 
given of hypothetical Occam 
programs reproduced from ref- 
erence (D, The first is given in 
Fig. 2. The protocol of channels 
comml and comma is defined 
as integer transfer with the aid 
of statement CHAN OF INT. 
PAR defines parallel process- 
ing, 1e., the data obtained from 


the communication process 
first finished is first dealt with 
by the processor. The com- 
munication processes them- 
selves are defined as sequential 
by instruction SEQ. Variables x 
and y are integers. Notice the 
indentation levels that indicate 
which statements belong to 
SEQ and to PAR. The program 
shown illustrates the central 
principle of Occam program- 
ming; the PAR statement de- 
fines that the written order of 
the component processes is ir- 
relevant, as they are all per- 
formed at the same time, ie, 
concurrently. The idea of sev- 
eral things happening simul- 
taneously in computer pro- 
grams may be new to many pro- 
grammers. PAR causes compo- 
nent processes to start at the 
same time, and the programmer 
need not bother which of these 
is completed first. 

The exclamation mark ! 
denotes output, and the ques- 
tion mark ? input on a channel. 
It is seen that integer 2 is first 
output on comml, before 
comm2 is allowed to receive 
variable x. At the same time, 
however, comm! receives vari- 
able y before comma is allowed 


CHAN OF INT 
PAR | 
INT x: 
SEQ 
commi 
comm2 
INT y: 
SEQ 
comml 
comm2 


commi, 


lowed to send integer 3. The ef- 
fect is that each process sends 
a value to the other: x becomes 
3, and y 2. Note that the order of 
the ! and ? in each SEQ process 
is important to prevent them 
waiting for each other’s output 
indefinitely. 

The next example is a program 
for digital volume control on an 
amplifier. It is assumed that 
there are 3 buttons, called 
louder, softer and off, which 
are arranged to pass their cur- 
rent status to an Occam chan- 
nel. A fourth channel, ampli- 
fier, transmits the required 
value to the volume control 
chip. 

The program of Fig. 3 is fairly 
easy to read and understand. 
First, the minimum and maxi- 
mum value of the volume set- 
ting are declared as 0 and 100 
respectively. Variables volume 
and any are defined as in- 
tegers. The ALT statement in- 
dicates alternative processing 
as long as the WHILE statement 
is true. In this example, each of 
the processes that belong 
under ALT are "scanned" for 
activity, Le., there is immediate 
action on part of the program 
and the transputer hardware 


comme : 





Fig. 2 Illustrating how Occam makes the distinction between 


parallel and sequential constructs. 


3 VAL maximum 
VAL minimum 
BOOL active 
INT volume, 
SEQ 

active 


IS 100 
ig U-: 


any 


TRUE 


volume :- minimum 
volume 


amplifier ! 
WHILE active 
ALT 


(volume « maximum) & louder ? any 


SEQ 
volume 


:= volume + 1 
amplifier 


! volume 


(volume > minimum) & softer ? any 


SEQ 


volume := 


volume - a 


amplifier ! volume 


off ? any 
active 





= FALSE 


Fig. 3 This Occam program controls the digital volume input on a 


| hypothetical AF amplifier. 
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when either louder, softer, or 
off is actuated. For instance, if 
the softer button is pressed, the 
sequential process of decreas- 
ing the value assigned to. 
volume is started, but this does 
not mean that the other ALT 
processes are not continuously 
interrogated for activity. The 
program terminates when the 
off button is pressed, since this 
ends the validity of the WHILE 
Statement. 


Conclusion 


The previously discussed pro- 
grams illustrate only a few of 
the many instructions and 
statements available in Occam. 
It is beyond doubt that Occam 
is currently the only language 
that enables profiting from the 
concept of parallel processing 
in a network of transputers. 

Inmos have a vast range of 
products to aid in learning to 
work with transputers. As to 
hardware, there are, for in- 
Stance, memory extension 
modules, a chip with a very fast 
colour lookup table (CLUT), 
link switch and adaptor 
modules, and, most importantly, 
development and evaluation 
systems. These are available for 
various computers, including 
the VAX/VMS, and the IBM PC 
XT/AT. Also available are com- 
plete evaluation modules com- 
posed of a rack, a busboard, a 
power supply, and cards with 
an option for fitting a number of 
IMS T414 or IMS T800 transputer 
modules. Clearly, Inmos, in 
contrast to many of its (would- 
be ?) competitors, deserves 
credit for presenting hardware 
and supporting software for a 
computer concept that is both 
completely new and close to 
real life, since it is based on 
concurrent rather than sequen- 
tial processing. Bu 


Reference: 


0 A tutorial introduction to 
OCCAM programming, by 
Dick Pountain. 

More information on trans- 
puters and Occam can be 
found in: 


The transputer family: Prod- 
uct Information. 
Inmos Spectrum. 

.IMS T800 Architecture. 


All publications are available 
from Inmos Limited e 1000 
Aztec West e Almondshury 
e Bristol BS12 4 SQ. Tele- 
phone: (0454) 616616. Telex: 
444123. 





EN. 
SSB RECEIVER FOR 20 AND 80 M 





Experienced DXers as well as novice SW listeners will appreciate 
this compact, sensitive, and relatively simple to build single- 
sideband receiver for the popular 20 and 80 metres bands. 


The 80 m band extends roughly | Block diagram a bandpass filter dimensioned | frequency causing break- 
from 3.5 to 4.0 MHz, and its | When the band switch is setas | for 14 to 14.5 MHz. A 9 MHz | through, interference or inter- 
propagation ^ characteristics | shown in the block diagram of | notch filter is fitted at the input | modulation in the intermediate 
enable "local" communication | Fig. 1, the aerial signal is fed to | to prevent strong signals at this | frequency (IF) section of the re- 
over distances up to about 

1,000 km. The 20 m band (14 to 4 

14.5 MHz) is ideal for global 

communication, provided the | | Lë MSH 9 


right "paths", ie., tropospheric ^, [e je xy 
; d NS | ^ | FL. Ov u 
propagation modes, are ^ ^x | I| AY | 
4 y 


available and "open". Very | | 


| 9MHz 


long distances can be covered NOTCH 
cid 


BW = ZkHr 


using low power transmitters, ^X 
but some knowledge is re- | Np 
quired of the maximum usable | | 
frequency (MUF) in the direc- e 


tion of reception at a given local IE 
time. a 


Sections of both the 20 and the TUNING 
80 m band are assigned to radio Le 
amateurs, but the exact band 
limits are not the same through- 
out the world. 

Actual listening to radio 
amateurs and utility stations in 
these bands is undoubtledly 
the best way to learn about their 
pecularities as to optimum 
propagation conditions for dif- 
ferent regions of the world. 
The receiver discussed in this 
article is a straightforward 
design, with manual control. Fig. 1 Block diagram of the SSB receiver for 20 and 80 metres. 
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ceiver. The output of a voltage- 2 3 E 4 

controlled oscillator (VCO) with pa + e , 

a tuning range of 5 to 5.5 MHz is i Cs : : 1 ‘ 
buffered, and fed to the local E = E =e: SS à 
oscillator (LO) inputs of the ac- ap to 7" y - 
tive mixers that follow the 20 m wv e sl : 

and 80 m input sections. The IF "hw" ak È 

signal is fed to a 9 MHz quartz 2 [IF ez; 5 

crystal filter which ensures a * 

bandwidth of about 2 kHz. After Jat 

the IF amplifier stage comes : Mir 


the product detector for 
demodulating the SSB signals. 
The beat frequency oscillator i 
(BFO) enables detection of the 3 
upper or lower sideband (USB/ : 

LSB). The output signal of the " 
detector is filtered and fed to 
the AF power amplifier, but it is 
also used for driving an AGC 
(automatic gain control) circuit 
with adjustable delay. The ACC 
controls the gain of the IF 
amplifier. 
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Circuit description 


The circuit diagram of the re- 
ceiver is shown in Fig. 2. It is 
seen that a single DPDT switch, 
Sı, selects reception in the 20 m 
or 80 m band. The 9 MHz, series 
resonant, notches are formed 
by L4-Ce-C: (80 m) and L1-C2-Ci 
(20 m). The aerial signal is ap- 
plied to a bandpass composed 
of a T-filter, Ls-Le-Cse, and a 
damped, parallel resonant, cir- 
cuit Lz-Cio-Rs. It is seen that 
gates g2 of DG MOSFETs Ti and 
Ta are connected in parallel to 
enable optimum, DC coupled, 

driving by the VCO buffer, Te. 
The drains of TI and T2 are also 
joined for feeding the mixers 
via the damped primary of IF 
transformer Le. Switch section 
Sib takes the source of the rel- 
evant mixer to ground. The non- 
used MOSFET has its source 
taken to +12 V via a 100 ko re- 
sistor, and forms a high im- 
pedance at the drain. Trimmer 
Ci3 is used for peaking Le at 
9 MHz. The bandpass filter for 
20 metres is a series-parallel 
combination with 2 trimmers for 
setting the correct frequency 
response. 

The VCO is formed by oscillator 
Tz and DC coupled buffer Te. 
Its output frequency range of 5 
to 5.5 MHz is set by C24, while 
tuning is effected with the aid of 
the direct voltage from Pi ap- E m I cec a qit QiUF-r xA - 4 
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Positive feedback is created in | Fig. 2 Circuit diagram of the SSB receiver. The dashed lines represent metal screens on the board. 
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Fig. 3 Component mounting plan of the SSB receiver. 
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Parts list 


| Resistors (t 594]: 


RrR12;R21;R23;R32 - 100R 

RHz;Re;R25;Ra8 - 4K 7 

R3;R&;R10; R11; 
R24;R25;R26 = 100K 

R6= 1K2° 


| R6;R15;R18;R29;R3a;Rae= IKO 
| R7=68R 


Rec 10K 

Ris=560R 

R14 — 56R 

Ris:Ai9=68K 

Ri7;R20=470R 

R27:R28= 220K 

R3e;R31=4M7 

R3a— 2K2 

Ra5- 1MO 

R36 — 12R 

Ra7=47R 

P1=100K multiturn poten- 
tiometer 

P2= 250K multiturn preset 

P3= 100K linear potentiometer 

P4=2K2 logaritmic poten- 
tiometer 

Ps= 500K 

Pé= 10M linear potentiometer 


Capacitors: 


C1;C7=20p foil trimmer (green) 

C2=39p | 

Ca= 10p foil trimmer (yellow) 

C4;C13;C33;C38;C40;C44 =80p 
foil trimmer (purple) 

C5- 1p2 

Cé=56p 

Ca;C10- 390p 

Ca - 18p 

C11;C12:C14;C18;C20;C21;C30; 
C35;C42:C43;C45;C47 
:Co3:C54 — 100n 

C15;C16— 270p 

C17 —4p7 

Cig=22p 

C22=470p 

C23:C41=100p 

C24=40p foil trimmer (red) 

C25=180p 

C28;C52;C59;Co2 — 220n 

C27-47u; 16 V 

C28;C29;Ceo- 1004: 16 V 

C31;032;C34;C36;C37; 39; C46; 
C50 - 1nO 

Cas=47u; 10 V 

C49; C56;C66 = 110: 16 V 

C51;C55- 180n 

C53;Cs4 - 10n 

Cs7= 104; 16 V 


| Ce12 1004; 6 V 


C65 - 1000u; 40 V 


.C67;C68- 1nO SMA capacitor 


Semiconductors: 


D:D3...De incl. - 1N4148 
D2-BB212 | 
D7 - zener diode 4V7; 400 mW 
De... Dir incl, - TN4001 
Ti:T2:Ta:T7 - BF982 

Ta -BF981 

Ts =BF2568 

Ta=BF451 


Ta; Ts=BF494 ~ 


IC1 - LF356 
(C2 LM386 
IC35- 78L08 
IC4- 7812 


Inductors: 


L;L4;L5;L7 9 44H7 


L2;L13— 10 uH 

Lis 24 tums 20.3 mm 
ISVVGJO) enamelled copper 
-wire on core Type T25-6. 

L6 — 82uH | 

LeA;Lesa;Lioa= 25 turns 40,3 
mm (SWG30) enamelled copper 
wire on core Type T50-6. 

LsB;LaB- 54-5 turns turns 
20.3 mm (SWG30) enamelled 
copper wire. 

Li08- 8 turns 20.3 mm 
ISVVGJO) enamelled copper 
wire, | 

L11= 42 tums 20.2 mm 
(SWG36) enamelled copper 
wire on core Type 150-6. Tap 
at 4 turns from ground. 

Liz= 10 turns 20.2 mm 
(SWG36) enamelled copper 
wire through a ferrite bead. 

L14:L 15 47mH 

L16— 10QuH 


Miscellaneous: 


S1= miniature DPDT switch. 

S2= miniature SPDT switch. 

S3- DPDT mains switch. 

Fis 100 mA fuse plus holder. 

K1...Xsinci.s quartz crystal 
27.005 MHz (third overtone}, 

Tri= 15 V; 250 mA mains 
transformer. 

LS= B&; 1 W loudspeaker. 

PCB Type 87051 (available 
through the Readers services). 





the oscillator by taking the 
source of T7 to ground via a tap 
on inductor Lu. Test point TP2 


| at the output of the buffer stage 


— = 


is useful for connecting a fre- 
quency meter that can so take 
the function of a digital fre- 
quency readout. 

Mixing is additive for the 80 m 
band (8.545.529 MHz), and 
subtractive for the 20 m band 
(14—5-29 MHz). From this it can 
be deduced that the tuning 
direction is reversed on the 
80m band, ie, a higher VCO 
frequency results in tuning to a 
lower input frequency. 

À narrow IF bandfilter is set up 
with the aid of 3 27.005 MEZ, 
third overtone, quartz crystals. 
Each of these resonates at a 
very small offset from its fun- 
damental frequency, as deter- 
mined by the particular 
capacitive arrangement around 
it. Each of the crystals forms a 
series tuned circuit with a very 
high Q (quality) factor. Together 
with the capacitance and in- 
ductance around them, the 
crystals form a 9 MHz IF filter 
with a bandwidth of about 
2 kHz. MOSFET T3 forms the IF 
amplifier whose gain is AGC 
controlled, as well as adjustable 
with Pe. The amplified IF signal 
is coupled out inductively via 
Lio. Test point TPi carries the 
fillered IF signal, and can be 
used for alignment purposes. 
The product detector for 
demodulating the SSB signal is 
formed by Ta, which is fed from 
current source Ts. The side- 
band (USB/LSB) oscillators are 
vitually identical. The crystals 
oscillate at the fundamental fre- 
quency with a very small offset 
from 9 MHz. The output signal 
of a sideband oscillator forms 
the reference against which the 
SSB signal is demodulated. 
USB/LSB selection is effected 
with the aid of Sa. Trimmer 
capacitors Cas and C38 enable 
adjusting the output frequency 
of the respective oscillator. The 
oscillator frequencies can be 
checked with a frequency 
meter conected to TPs. 

The unfiltered AF signal is 
raised in ICi. Diodes D3 and Da 
rectify the AF signal to provide 
the ACC (automatic gain con- 
trol) voltage. The negative bias 
voltage on C57 is made adjust- 
able with the Acc DELAY poten- 
tiometer, Ps. The bias voltage 
on Cs; is derived from a 
stabilized —4.7 V supply set up 
around zener diode Dz. The 
AGC works in conjunction with 





= 
} 


the iF GAIN control, so that the 
negative voltage effectively 
controls the amplification of T3 
by pulling the gi potential 
below that of the source. 

The 2.2 kHz AF filter discussed 
under Block diagram is a 
double nx type between the out- 
put of buffer ICi and AF power 
amplifier ICa. 

The power supply for the re- 
ceiver is a conventional type 
based on the well-known 78 
series of integrated regulators. 
The output of 12 V regulator IC4 
is reduced to 8 V in ICs to ob- 
tain the required span of the 
tuning voltage at the wiper of 
Pı. The minimum tuning 
voltage can be set with the aid 
of preset P2. 


Construction 


The printed circuit board for 
the receiver is a double-sided, 
but not through-plated, type, 
whose component mounting 
plan is given in Fig. 3. The com- 
ponent side of the board func- 
tions as a large earth surface. 
The power supply section on 
the board may be cut off for 
mounting as a separate unit in 
the cabinet. 

Commence the construction 
with winding inductors Ls, Le, 
Lio, Lit and L2 as per the indi- 
cations in the parts list. Secure 
the wire on the cores using 
Araldite or wax, then fit the 
completed inductors on the 
board as orientation points, 
observing the right connection 
of the primary and secondary 
windings, and the taps. Pro- 
ceed with fitting the soldering 
pins, resistors, ready-made in- 
ductors, diodes, crystals, and all 
fixed capacitors except SMA 


types Cez and Ces, noting that 
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soldering is sometimes re- 
quired at the component side 
also. Pay attention. to the 
polarization of the radial elec- 
trolytic capacitors! Then fit the 
transistors and ICs. Ascertain 
the pinning of MOSFETs 
Ti...Ta incl, and Tz, before 
these are fitted. Push-fit the 
leads of these transistors 
securely into the relevant holes 
before soldering. The source 
connections on Ts and Ta are 
also soldered at the component 
side of the board. Now fit SMA 
capacitors Cez & Ces direct 
onto the source and ga ter- 
minals of the relevant MOSFET. 
The presets (P2; Ps) are then 
mounted, followed by the trim- 
mer capacitors. Care should be 
taken not to deform the PTFE 
material in the trimmers when 
soldering the two ground pins 
to the copper surface at the 
component side. 

It is absoluty necessary to fit 
20 mm high screens at the com- 
ponent side as indicated by the 
dotted lines on the overlay. Cut 
these screens from tin plate or 
brass sheet, and solder them 
vertically onto the board, taking 
care not to damage nearby 
components. Cut a clearance in 
any screen that runs across an 
inductor, or a MOSFET with 
nearby components. The IF 
section is completely screened 
with a top plate after setting up 
the receiver. 

The transformer, mains fuse, 
mains entrance socket, and, if 
applicable, the supply board, 
are fitted at suitable (and safe) 
locations in the metal cabinet. 
The layout of the front panel is a 
matter of personal preference; 
a suggestion is shown in the in- 
troductory photograph of this 
article. Screened wire should 





Inside view of the prototype receiver. 


be used for connecting the 
USB/LSB and the 20/80 m 
switch on the front panel to the 
respective soldering pins on 
the PCB. Twist the wires for 
connecting the IF GAIN, AF GAIN, 
AGC DELAY, and TUNING poten- 
tiometers. Note that the latter is 
a multiturn type fitted with a 
suitable knob and dial. The 
aerial input is an Amphenol 
SO239 (Type UHF) or BNC 
socket mounted onto the rear 
panel of the receiver. The con- 
nection to the relevant 
soldering pins is made in coax. 
Test point TP2 can be connec- 
ted to a BNC socket on the rear 
panel via a length of thin coax, 
eg. RGI74. Remember that this 
is a DC coupled, low im- 
pedance, output, 


Setting up 

Check the operation of the 
power supply before connect- 
ing it to the receiver. 

Set all presets, trimmer 
capacitors and potentiometers 
to the centre of their travel. 
Connect a frequency meter to 
TP2, and adjust C24 and P2 such 
that the tuning range of Pi cor- 
responds to 5.0 to 5.5 MHz. Set 
the band switch to 80 m, and 
connect an aerial. Some noise 
should be audible. Initially, C13, 
Cao and C44 are adjusted for 
maximum noise output. These 
adjustments are fairly critical. 
Check that the noise level 
varies slightly when the IF GAIN 
control is operated. Use TP3 to 
measure the output frequency 
of the sideband oscillators. Sel- 
ect LSB and adjust C33 for 
8.9985 MHz. Select USB and ad- 
just Cas for 9.0015 MHz. Tune 
across the band to find a rela- 
tively strong SSB or RTTY trans- 
mission. Optimize the setting of 
the above trimmers while re- 
ducing the IF gain as appro- 
priate. Check the function of 
the ACC by tuning to a weak 
signal. The adjustment of Ps is 
to the operator's preference re- 
garding the response of the 
AGC circuit. Redo all the ad- 
justments to optimize reception 
across the whole of the 80 m 
band. Switch to 20 m, and peak 
the input bandfilter for opti- 
mum reception. The notch 
fillers are adjusted for highest 
attenuation at 9 MHz. One of the 
9 MHz oscillators can be used 
temporarily as an RF signal gen- 
erator. Attenuate the signal at 
TP3 with a suitable resistance 
network, and connect it to the 
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15MHz 


14... 14, 5MHz 


87051-4 


Fig. 4 Suggested block diagram of a 0 — 30 MHz converter. 





aerial input. Connect a 10 MQ, 
5 pF scope probe to the RF side 
of Ca. Peak Ci for maximum re- 
jection of the 9 MHz signal. Set 
the band switch to 80 m, place 
the scope probe on the RF side 
of L7, and adjust C: similarly. 


A general coverage 
receiver 


The unit described can form 
the tuneable IF section of a 
0—30 MHz coramunication re- 
ceiver. A suggested block 
diagram is given in Fig. 4, while 
the practical circuit of the syn- 
thesizer can be found in (?, The 
output of the converter is fed to 
the 20 m input of the present re- 
ceiver, whose 80 m input can 
be omitted. Computer control 
of the receiver so made is rela- 





tively simple since all ad- 
justments are effected by direct 
voltages, which can be 
generated with the aid of DACs. 
Also, the computer is likely to 
be required in any case for 
decoding slow-scan transmis- 
sions, RTTY, morse, or FAX. B 


Reference: 


(D Synthesizer for SW receiver. 
Elektor Electronics, July/ 
August 1987, Supplement page 
61. Designs for a mixer, an RF 
input amplifier, morse filters, 
and a computer interface ap- 
pear in the same issue. 


Radio Wave Propagation (HF 
bands) by F C Judd G2BCX. 
Heineman Newnes; 
ISBN 0-434-90926-2. 








HOLY 


GRAIL 


COMPUTER SCIENCE’S 


The art of computing gave birth to its own science, which, since it 
is abstract and mathematical, is a mystery to most people. This is 
a pity because computer science explores the limits of 
tomorrow's computers. The next three pages examine its 
practitioners’ current obsession: “P=NP?” 


Suppose you have 10,000 
numbers and want to find out 
quickly whether any group of 
them adds up to I7. This sounds 
a straightforward enough job 
for a computer. Alas, this is not 
the case. Take the problem to a 
computer programmer and he 
wil shake his head sadly and 
say that he does not know any 
practical way to do it. This is 
strange, because computers do 
all sorts of complicated things 
in a trice. And the 10,000-num- 
ber problem is, after all, so 
simple that it can be stated in 
one short sentence. You have 
stumbled on a member of a 
class of problems known as NP. 
In fact you have hit a problem in 
this class that is in some ways 
the most difficult of all (com- 
puter scientists call it an NP- 
complete problem). NP has had 
computer scientists tied up in 


knots for the last 15 years. 
Nobody has found a way of 
making these problems easy, 
but nobody has shown that 
there is no way to do so. 

Itis more than idle curiosity that 
drives theoretical computer 
scientists to search for an 
answer one way or the other. It 
would be useful to have fast 
solutions to some of the prob- 
lems in NP. The travelling- 
salesman problem, a 
mathematicians’ old chestnut, is 
an example. It seeks the 
cheapest route for a salesman 
who must visit several cities on 
a sales trip. No fast way to solve 
it is known, but nobody has 
shown that there is no way. NP- 
problems are in limbo: are they 
different from the class of prob- 
lems with fast solutions (called 
P) or are they one and the 
same? This question, usually 


put as "P-NP?"' in shorthand, 
has become the Holy Crail of 
theoretical computer science. 

Remember that our number 
problem was said not to have a 
practical solution by computer. 
What exactly does it mean for a 
problem to have a practical 
computer solution? Suppose 
you work for a telephone 
company and need to produce 
the local telephone book. At 
some point you have to sort 
through the list of everybody 
who has a telephone line. Since, 
for some cities, this can involve 
millions of names, you need to 
make sure it can be done 
quickly. And you not only have 
to consider how well the com- 
puter sorts this year's names, 
you also have to worry about 
next year. You need a program 
that does not take too much ad- 
ditional time as the number of 


names increases. The best 
measure of the efficiency of 
such a program is an indication 
of how the computation time 
needed to perform the task 
rises with the number of names. 
The relation between the run- 
ning time and the size of the in- 
put (here, the number of names) 
is called the time complexity of 
à program. 

Computer theorists say a prob- 
lem has a practical compu- 
tational solution if there is a 
program with polynomial time 
complexity that solves it (or, 
alternatively, that it can be 
solved “in polytime’’). This 
means that the time needed to 
solve it depends directly on the 
size of the input, or on the size 
of the input multiplied by itself, 
or on the size of the input 
multiplied by itself twice, or 
thrice, or four times, and so on. 


Such problems are said to be in 
the class P (for polynomial 
time). Like all theorists, com- 
puter theorists tend to be a little 
unrealistic at times: actually, 
despite this definition, not all P- 
problems have genuinely prac- 
tical solutions. Most programs 
that run in a time that is any 
larger than the size of the input 
cubed (ie, multiplied by itself 
twice) are probably going to be 
impractical. This is because the 
greater the power of the 
polynomial (the more times you 
multiply the size of the input by 
itself) the longer the program 
wil take as the input size in- 
creases. 


Towards exponential 
blow-up 

NP is the class of problems with 
solutions that can be checked 
in polynomial time. For 
example, in the "subset-sum 
| problem” considered at the be- 
ginning of this article: if you 
want to convince somebody 
that there is a group of numbers 
whose sum is 17, all you need 
do is provide a group that does 
add up to 17. A computer takes 
practically no time at all to add 
up a given group of numbers 
and check whether or not the 
result is 17. Note that this im- 
plies nothing about how hard it 
is to find a solution, only that if 
somebody thinks they have a 
solution, a computer can easily 
check it. The trouble with prob- 
lems such as subset-sum is that 
however hard computer scien- 
tists try, they can come up with 
little better than a program that 
inspects every possible group 
of numbers from the 10,000 pro- 
vided and checks to see if the 
sum is 17. With a few tricks, it is 
possible to get the number of 
combinations to be inspected 
down to just over one thousand 
billion billion billion. Given that 
the fastest computers operate at 
a rate of mere millions of in- 
structions per second, solving 
the problem is a lost cause. 
This obstacle is known as ex- 
ponential blow-up. All the 
known programs for problems 
such as subsetsum and the 
travelling salesmen suffer from 
the fact that when you add just 
one more element to the input 
(such as one more city in the 
case of the travelling salesman) 
the amount if computation time 
required is multiplied by some 
number. Such a program is said 
to have exponential time com- 
plexity. This quickly makes the 





computation time extremely 
large. Imagine a chessboard 
with a penny on the first square, 
two on the second square, and 
so on, with the number of pen- 
nies doubling on each square. 
On the last square, there will be 
enough pennies to buy around 
ten billion tons of gold. 

When computer scientists 
defined the class P in 1964, NP 
was not even a dot on the 
horizon. But they were turning 
up problem after problem that 
exhibited the troublesome 
features of subset-sum: easy to 
check a solution if you have 
one, difficult to find the solution 
in the first place. Scheduling 
the operation of different bits of 
machinery at a factory to get the 
most efficient production is 
another such problem, for 
which no  polynomial-time 
program has yet been found. 
Current programs use rough 
and ready rules of thumb to get 
an answer that is good, but 
probably not the best. 

During the 1960s, scientists 
noticed that some NP problems 
could be reduced to other NP 
problems, which turns out to be 
a helpful start. For instance, a 
travelling-salesman problem 
can bë converted into an in- 
stance of the subset-sum prob- 
lem with the help of a 
conversion program that runs in 
polynomial time. At the mo- 
ment, this does not help much 
because subset -sum problems 
are just as difficult to solve as 
travelling-salesman problems. 


But if you could find a 
polynomial time solution to 
subsetsum problems, you 


could automatically get a 
polynomial solution to travel- 
ling salesman problems by 
tacking the program to solve 
the subset-sum problem on to 
the conversion program. This is 
because the running time for 
the two-part program would be 
the sum of the times for its con- 
stituent programs, and adding 
two polynomials gives you 
another polynomial. Suddenly, 
solving many problems 
became as  easy—or as 
difficult—as solving one of 
them. 

The main breakthough came in 
1971 when Dr Stephen Cook, a 
computer scientist at the Uni- 
versity of Toronto, proved a 
remarkable theorem. He 
showed that all NP problems 
could be reduced to a single 
NP problem in logic called 
satisfiability (or SAT). If SAT has 





a fast solution, every NP prob- 
lem has a fast solution. SAT is 
therefore said to be an NP- 
complete problem. It became, 
in one sense, the most difficult 
problem in NP. In 1982, Dr Cook 
got a Turing award—computer 
science's equivalent of the 
Nobel prize. 

Hard on Dr Cook's heels came 
Dr Richard Karp from the Uni- 
versity of California at Berkeley. 
Dr Karp reduced SAT to a raft of 
other NP-problems. At first, this 
sounds an odd thing to do 
because Dr Cook had already 
shown that everything in NP can 
be reduced to SAT. But the fact 
that SAT itself can be reduced 
to subset-sum, and to a handful 
of other NP-problems, as Dr 
Karp showed, means that SAT 
cannot be harder to solve than 
subset-sum. Dr Cook's re- 
duction of everything in NP to 
SAT showed, in effect, that 
nothing in NP was harder than 
SAT, so—taking Dr Cook's and 
Dr Karp’s results together—it 
follows that nothing in NP is 
harder than subset-sum. Subset- 
sum, like SAT, is NP-complete. 
Dr Karp, who gave the question 
"P2NP?' its present form in a 
paper published in 1972, won 
the Turing award in 1985. 

Dr Leonid Levin, a Russian 
mathematician now at Boston 
University (there are quite a few 
emigré Russian mathematicians 
working in computer science in 
America) developed the con- 
cept of NP-completeness in- 
dependently, if a litte later than 
Dr Cook and Dr Karp. The con- 
cept of completeness is crucial 
to a problem such as “PNP”. 
Either you show that P- NP is 
true or you show that it is false. 
To show that it is true, you must 


| show that every NP-problem is 


in P. But there are infinitely 
many NP-problems. On the 
other hand, showing that P- NP 
is false would mean producing 
an NP-problem that cannot 
under any circumstances be 
solved by a polynomial time 
program. Which problem from 
NP do you select? You may 
choose one only to find that it 
does belong in P, vyhich still 
leaves you in the dark about all 
the other (infinitely many) prob- 
lems in NP. 

The concept of NP-complete 
problems helps you here, 
because it tells you which prob- 
lems in NP to look at. The NP- 
complete problems are the 
hardest ones in NP. If any NP- 
complete problem can be 
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shown to be in P, then all of NP 
is in P. Likewise, if you are work- 
ing on the assumption that NP is 
different from P, your best bet is 
to show that some NP-complete 
problem is not in P, because if 
any problem in NP is not in P it 
will be the hardest one. Cook's 
theorem allowed computer 
scientists to confine their atten- 
tlon to the complete problems, 
and ignore the rest. 


Can oracles help? 


Even so, and despite their best 
efforts, computer scientists 
have got nowhere with the 
problem in the 15 years since 
Dr Karp first brought it to their 
attention. Perhaps surprisingly, 
there are three possible 
answers to "P-NP?': yes, no, 
and indeterminable. Although 
each has its champions, most 
computer theorists believe that 
the answer is no—largely 
because people have been try- 
ing to find polynomial time pro- 
grams for NP-problems for a 
long time, and have failed 
miserably. 

Not only have computer scien- 
tists failed to prove that P is not 
equal to NP, they have managed 
to show (worse luck) that one of 
the traditional methods for 
distinguishing classes of prob- 
lems can work in the case of NP. 
This emerged from work on 
some strange computers called 
oracle machines. 

Imagine an ordinary computer 
that is attached to a black box. 
In the black box lives an elf, 
who is an expert on a certain 
problem—call it A—but doesn't 
know about anything else. If a 
programmer asks the elf true- 
or-false questions about A, the 
elf answers  instantaneously. 
Now it is possible to define two 
classes of problems, P^ and 
NP in the same way that P and 
NP were defined: PA is all 
problems that can be solved in 
polytime by the computer with 
the aid of the elf, while NP^ is 
all problems that have solutions 
that can be checked in 
polytime. The computer now 
has the extra power of this elf, 
or oracle. With this extra power 
the computer can solve prob- 
lems in far less time than 
before. Suppose, for example, 
that the elf knows all about 
subset-sum. Then the oracle 
computer can compute any NP- 
problem in polynomial time, 
since it need only convert the 
NP-problem to  subset-sum 
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(which takes polynomial time) 
and ask the oracle the answer 
(which it gives instantaneously). 
such oracle computers are 
unrealistic, so what does im- 
agining them prove? Imagining 
one oracle did not achieve 
much, but imagining two let 
computer scientists discover 
something new. It is possible to 
work out the details of two dif- 
ferent oracles, called À and B, 
such that PA—NPA is true, but 
PB-NPP is false. This is a 
depressing result for computer 
scientists. Computer theorists 
have some tried and tested 
methods of showing that two 
classes of problems are differ- 
ent. But all these methods work 
independently of the presence 
of an oracle. This means that if 
the methods were to show that 
P=NP is false, then PA=NPA 
would be false for every oracle 
A. But there is a particular 
oracle B for which P8=NP2 is 
true. Thus none of the tra- 
ditional methods can ever show 
that P=NP is false. 

Another attempt at the problem 
uses random oracles. In a ran- 
dom oracle the black box con- 
tains a little elf with a coin. 
When asked any true-or-false 
question the elf simply flips his 
coin, answering true if he gets 
heads, and false if he gets 
tails—unless he 1s asked a ques- 
tion he has already answered, 
in which case he gives the 
same answer as before. For 
complicated reasons, consider- 
ing random oracles turns out to 
be a way of considering all 
possible oracles at once. Com- 
puter scientists found that, for 
almost all oracle machines, P 
and NP were not the same. 
What they wanted to show was 
that if something was over- 
whelmingly likely for a random 
oracle machine, it must be true 
for machines without oracles. 
Unfortunately this turned out to 
be wrong. 


Back to the wiring 


At the moment, most of the 
work on the “P--NP7” problem 
concentrates on circuits, which 
is ironic. Computer science 
developed by abstracting com- 
putation away from its material 
basis in electronics and other 
hardware in order to consider it 
mathematically. Now computer 
scientists are turning back to 
circuits to answer the questions 
raised by those mathematical 
abstractions. 


The idea is to consider all the 
digital circuits that can solve a 
certain problem. The problem 
is encoded using Os and Is and 
fed into the inputs of the circuit, 
which yields the answer (1 or 0). 
A circuit is made up of simple 
components called gates. The 
link between circuits and the 
“P—NP”7” question lies in the 
number of gates required by a 
circuit to solve a particular 
problem. If the circuit for a 
given problem needs more 
than a polynomial number of 
gates, that problem cannot be 
in P. So computer scientists try 
to show that, for example, SAT 
cannot be solved by a circuit 
with only a polynomial number 
of gates. If it cannot, P = NP must 
be false. 

One of the leading computer 
Scientists now working on cir- 
cuits is Dr Michael Sipser at the 
Massachusetts Institute of Tech- 
nology (MIT). Dr Sipser and his 
colleagues concentrate on 
much easier problems than NP- 
complete ones. Thet have spent 
a lot of time on the circuit for a 
problem called parity, which 
works out whether there is an 
odd or an even number of ls in 
a string of 0s and ls. The prob- 
lem of parity is a straightfor- 
ward one that is definitely in P, 
but studying satisfiability with- 
out looking at simpler prob- 
lems first would be just too 
difficult One technique is to 
handicap the circuit in some 
way. For instance, computer 
scientists might restrict the type 
of gate used. If they can sort out 
the simpler restricted cases, 
they may be able to apply the 
principles they learn there to 
the general case. 

Plenty of work on circuits has 
already been done by scientists 


in the Sovjet Union, as a group 


of graduate students at the Uni- 
versity of California at Berkely 
accidentally discovered last 
year. The students had come up 
with what they and most others 
thought was a novel result about 
the minimum number of gates 
needed to solve the parity 
problem. To their chagrin, they 
learned from a paper in an 
obscure Soviet journal that it 
had already been done several 
years earlier. Dr Alexander Raz- 
barov from the Steklov Institute 
in Moscow seems to be the 
leading researcher. Dr Sipser 
collars the occasional Russian 
graduate student at MIT to 
translate for him when the latest 
paper from Dr Razbarov arrives. 





Circuit analysis of this sort is not 
of interest only to theorists. The 
makers of semiconductors 
would like to know just how few 
gates they can get away with 
using on their chips. 

It it were proved that P=NP is 
false, computer scientists 
would know for sure that there 
are no fast ways of solving prob- 
lems such as the travelling 
salesman. Some people would 
be happy to hear it. For a long 
time, so-called "unbreakable" 
codes were designed by mak- 
ing up codes, giving them to 
mathematicians, and letting the 
mathematicians chew on them 
for a while. It they could not 
break them after concentrated 
effort, then the code was 
deemed to be usable. The 
problem with this approach is 
that a code might turn out to 
be crackable after Just a teeny 
bit more effort—say one day 
after it has been passed as un- 
crackable. If P and NP are not 
the same, then there are some 
problems whose solutions are 
easy to check but difficult to ob- 
tain Much of modern 
cryptography—at least the part 
of it that is publicly known— 
works on this assumption. Some 
cryptographers would be quite 
happy to learn that P=NP is 
false. 

There are still some re- 
searchers who believe that 
P=NP. Many of them are not 
taken very seriously because 
they produce endless numbers 
of flawed papers that purport to 
show that P=NP. One problem 
with such papers is their length. 
since all the obvious ways of 
making a fast program from NP- 
complete problems have been 
tried, any new attempt is going 
to be fairly devious. On the 
other hand, bad proofs purport- 
ing to show that NP 1s different 
from P are not unknown, either. 
Dr David Johnson at AT&T's Bell 
Laboratories in New Jersey has 
a modest (and almost serious) 
proposal to stem the tide of bad 
papers. He proposes that 
anybody who wants their proof 
published in a reputable jour- 
nal should post a $1,000 bond. If 
the proof turned out to be rub- 
bish, they would forfeit the 
bond. As an added incentive, 
forfeited money would go into a 
pot that would be given to the 
first verified proof. 

If "PZNP?' turned out to have 
no answer, everybody would 
lose their money. Before the 
second world war, a Viennese 


mathematician, Kurt Gödel, and 
others proved that some ques- 
tions in mathematics can never 
be answered. It is possible that 
"P2NP?' is one of them. Poss- 
ible, but inherently unlikely, ac- 
cording to most mathema- 
ticlans. After all, either there is 
a program that does subset-sum 
in polynomial time or there is 
not. Computer scientists tend to 
invoke Gödel late at night when 
they are tired and frustrated. 
The smart money is on NP asa 
separate class, but nobody ex- 
pects to have an easy time prov- 
ing it. Dr Cook and Dr Johnson 
think that the whole field needs 
an overhaul before the status of 
NP can be established one way 
or the other. This is no cause for 
despair. Computer science is 
still a young field compared 
with physics and mathematics. 
There are ancient unsolved 
problems in mathematics, such 
as Fermats Last Theorem, 
which get chipped down piece 
by piece over the years. P- NP 
has many more implications 
than Fermat's Last Theorem, an 
unsolved chestnut about 
polynomials that has taxed 
mathematicians for over 300 
years. Pure mathematicians are 
being dravyn into the field and 
computer science problems 
are being solved by using 
branches of mathematics, such 
as geometry, which seemed at 
first unrelated to computer 
science. 

Everyone concedes that it is dif- 
ficult to prove even the simplest 
results in computer science. 
Even proofs that are easy to 
understand seem  extraordi- 
narily hard to think up, and they 
may prove unexpected things. 
This summer Dr Neil Immer- 
man of Yale University settled a 
question, known as "NL-co- 
NP?", which is even older 
though less significant than 
"PZNP?',. A relatively straight- 
forward two-page proof 
showed that Dr Immerman's 
answer to the question was 
yes—the opposite of what most 
computer scientists expected. 
Many computer scientists were 
amazed at how easy the proof 
was. As one graduate student in 
computer science put it: “a 
bunch of complexity theorists 
are all kicking themselves”, 
which sums up the present at- 
mosphere in a curiously tricky 
field. 


Reproduced with permission 
from The Economist 
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DIMMER FOR INDUCTIVE LOADS 








A simple circuit overcomes the well-known difficulty in maintaining 
the triggered condition of a silicon controlled rectifier when this is 
used for regulating inductive loads. 


The vast majority of dimmer cir- 
cuits is only suitable for 
regulating resistive — (non- 
reactive) loads, ie., when there 
is no phase difference between 
the mains voltage and the load 
current. This means that the 
trigger pulses can be kept rela- 
‘ively short, since the load cur- 
rent is in phase with the mains 
"oltage immediately after trig- 
sering has taken place. Nor- 
mally, the load current is 
greater than the holding cur- 
rent, so that the triac or thyristor 
is triggered immediately, and 
remains on. 

When the load is mainly induc- 
tive (eg. a transformer, or a 
choke for a fluorescent lamp) 
the load current lags the 
voltage, and may either not have 
reached, or exceeded, the 
nolding level. The SCR then 
conducts briefly, but is 
switched off at the end of the 
trigger pulse. This unwanted ef 
‘ect can be kept within limits by 
means of stretching of the trig- 
zer pulse, triggering by pulse 
tains, or the use of an R-C net- 
work. The first approach calls 
ior a control circuit with appro- 
priate drive power. The pulse 
duration requires exact con- 


ring after the zero crossing of 
the mains voltage, causing er- 
roneous triggering. Suitable 
circuits to accomplish this are, 
understandably, relatively com- 
plex. 

A simpler way out is the R-C 
network, which in essence 
raises the current to the holding 
threshold, so that the SCR re- 
mains on when the trigger 
pulse is inactive. Although SCR 
manufacturers usually provide 
the relevant design data for this 
application, it is still fairly diffi- 
cult to dimension the circuit for 
optimum and reliable trigger- 
ing. In most cases, therefore, 
trial and error adjustments are 
required, as well as signal 
analysis with the aid of an os- 
cilloscope. 


Triggering by pulse 
train 

The circuit described here is 
based on gate triggering by a 
pulse train, yet is composed of 
discrete components only. 
Figure 1] shows 3 ways of con- 
trolling a triac. 


Figure la illustrates a phase 
angle control circuit for the 


trolling to prevent pulses occur- | load Zi. It is composed of a 


triac T, a diac D, and a timing 
network R-C, where R is (P), 
connected in parallel with D- 
Az, and C is connected in 
parallel with D-A:. In this cir- 
cuit, the triggering is load de- 
pendent, in other words, 
synchronization is by the 
voltage across the triac, and this 
is a function of the load current. 
The circuit is, therefore, un- 
suitable for regulating highly in- 
ductive loads requiring a small 
conduction angle. Also, there 
exists a strong tendency to 
asymetrical operation, which 
can be dangerous in view of 
saturation of the inductance 
due to the relatively high direct 
current. 


Figure lb shows a basic circuit 
for triggering the triac by the 
mains voltage. Here, timing re- 
sistor (P) is connected to the 
neutral line instead of parallel 
to D-Az. The trigger pulses oc- 
cur with a fixed phase differ- 
ence of 180”, irrespective of the 
load current. Although this cir- 
cuit offers more accurate con- 
trol of the load than the 
previous one, its operation 
becomes completely asym- 
metrical if the gate angle is 
smaller than the angle rep- 


resenting the current lag in the 
load. Another disadvantage is 
the requirement for connection 
to the phase and neutral lines as 
shown in the diagram. 


Figure lc shows a slightly more 
complex triac control circuit. 
Following the trigger pulse, ad- 
ditional pulses are generated 
up to the next zero crossing of 
the mains voltage. The oper- 
ation of the circuit is illustrated 
in timing diagram Fig. 2. 
Assuming a phase difference, 
q, Of 85” between the mains 
voltage and the load current, 
and a gate angle, 6, of 60”, the 
triac is triggered after the trig- 
ger delay has lapsed (A), and 
remains on up to about 240? (B) 
thanks to the pulse train. It is 
blocked at point B, but is im- 
mediately retriggered by the 
next repetitive gate pulse. The 
operation is slightly asymtrical 
during the first half periods, but 
the duration of conduction 
gradually becomes more 
balanced, as shown by the dot- 
ted curve. 


The practical circuit 


The circuit diagram of the dim- 
mer for inductive loads is given 
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in Fig. 3. A small, sensitive, 
auxiliary triac, Trio, generates 
the pulse train necessary for 
maintaming the gate control 
signal for Tri. Capacitor Ci, 
compensation resistor Rs and 
potentiometer Pa define the 
gate angle ©, Preset Pi enables 
setting the minimum conduc- 
tion angle, so ensuring reliable 
triggering of Tri even when 
the load current is fairly low. 














| 


Capacitor Ci is charged from 
0V, and diac Di: triggers as 
soon as its breakover voltage is 
reached. The set conduction 
angle is equal for both half 
periods. 

A first pulse is applied to the 
gate of TRil, and the voltage 
surge on Rs triggers Tri». Once 
this is on, it bypasses resistance 
(Ra+P2 // R3+ P), so that the re- 
maining charge cycles of C1 


87181-1a 


87181-1b 


2} conduction angle during 1st & 2nd half period 
i blocking of triac 
: triac conducis 
: trlac is blocked 
: Iriggering delay time 
: current lag al full angle 





Fig. 2 Triggering by a pulse train synchronized vvith the mains 
voltage. 


have a much shorter period 
(R5t Re)Ci. After this delay, Tria 
is triggered, starting a new 
cycle. A succession of pulses is 
applied to the gate of the main 
triac, Trii until the mains 
voltage reaches the zero cross- 
ing. Triac Triz is then blocked, 
so that the charging of Ci dur- 
ing the following half period is 
determined by the time con- 
stant set by the resistance 
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D5...D8 = 33V / 1W 
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D1...D4 = 1N4004 
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(Rat Pa // R3 P). Once more 
consult the timing diagram of 
Fig. 2 for further details on the 
operation of the circuit. 

Zener diodes Ds...Ds incl. af- 
ford protection against over- 
voltage, and at the same time 
ensure a stable supply voltage 
for the trigger circuit, 
eliminating instability due to 
fluctuations on the mains. 
Diodes Di...D«4 incl and 
resistors R1 and R2 ensure that 
Ci is completely discharged 
during the zero crossings, so 


| that. the hysteresis remains 


within acceptable limits. Damp- 
ing network C2-R7 has a stabiliz- 
ing effect on the control 
circuitry because it suppresses 
needle pulses originating from 
the inductive load when this 
draws less than the holding cur- 
rent of the main triac. 


Construction: safety 
first 


The dimmer is constructed on 
the printed circuit board shown 
in Fig. 4. Power resistor Rs 
should be fitted slightly off the 
board to allow for its dissipated 
heat. Inductor Li is a common 
triac suppressor choke, which 
is not strictly required for in- 
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Fig. 3 Circuit diagram of the dimmer for inductive loads. 
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Fig. 4 Track layout and component mounting plan for the dimmer PCB. 


ductive loads. For resistive 
loads, however, it should not be 
omitted because it limits the 
switch current surges. The in- 
ductance and current rating of 
Li are as required by the load; 
the indicated values of 100 uH 
and 10 A are only required 
when the dimmer is used for 
regulating loads of the order of 
150 W and more. The size of the 
heat-sink for Trii is mainly de- 
termined by the available space 
in the ABS enclosure. A few 


| holes should be drilled in the 
lid to ensure sufficient cooling 
of Rs and Tri. Make sure that 
the whole unit is rugged and 
properly insulated. If used, the 
input and output cable should 
be fed through a grommet, and 
secured by a suitable strain 
relief. Be sure to use a poten- 
tiometer with a plastic shaft. 
VARIOUS PARTS IN THE DIM- 
MER CARRY THE MAINS 
VOLTAGE AND ARE, 
THEREFORE, DANGEROUS 
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Stream encryption 


September 1987; p. 28 ff. 


Equations 1241, [26] and [27] should 
be amended as follows: 


Ke 
(KjtaKjt 1 - Kj 3Kj« 2 +K mod 2 
[24] 


[26] 
[27] 


Xj 2 (AXj—1--B) mod M 
Kj — Xj mod 2 


The number sequence and the binary 
sequence in the section X? mod PQ 
generator should be modified to read 


Xj —- X*j—-1 mod N and 
| Kj=Xj mod 2 respectively. 


TO TOUCH WHEN THE UNIT 
IS OPERATIONAL. 


Finally, the circuit described of- 
fers good accuracy of control 
without the need for an ad- 
ditional supply. It enables vir- 
tualy complete variation of 
power on inductive loads rated 
up to approximately 1,000 W.Sv 


Source: 


Triac Applications, Thomson 
Semiconductors. 
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Active phase-linear 
cross-over network 
September 1987; p. 64. 


The parts list should be modified to 
read: 


Tu T2-2BD139. 
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Parts list 


Resistors (& 595): 


RrER2547K; 1 W 

R3= 150K 

Ra =27K 

Rs=10K; 10 W 

Re=4K7 

A7=220R; 1 W 

As=1K0 

P1-21MO | 

P2=220K or 250K linear poten- 
tiometer with insulated shaft. . 


Capacitors: 
C1=100n; 100 VAC 
C2-100n: 250 VAC 


Inductor: 


Li= dimmer suppression choke 
e.g. 47uH; 10A 


Semiconductors: 


D1...Da incl. = 1N4004 

Ds...Ds incl. 233 V; 1 W 
zener diode 

Dii= general purpose 32 V diac, 
e.g. ER900, ST2, DI32AC, or 
BR100-03', 

Tri1  TIC263D” 

Tri2 — TIC206D-P 


Miscellaneous: 


Fi= 6.3 A fuse with PCB mount 
holder, 

Suitable ABS enclosure. 

Grommet and strain relief for 
mains wire. 

5-way screw terminal block for 
PCB edge mounting. 

TO220-style heat-sink for Tri1. 

. PCB Type 87181 (available 

through the Readers Services). 


' Available from Omni Elec- 
tronics e 174 Dalkeith Road 
e Edinburgh EH16 5DX. Tele- 
phone: (031 667) 2611. 
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Digital sine-wave 
generator 


| February 1987; p. 24 ff. 


When the unit is fed from a supply 
voltage lower than +10 V, as 
suggested in the article, it is rec- 
ommended to change R10 from 2K2 
to 3K9, and R11 from 3K9 to 8K2. 


PRECISE MOTOR 


SPEED REGULATOR 


by Arturo Wolfsgruber 


x 


By virtue of an innovative dual control loop scheme, the TDA7272 
motor speed regulator chip achieves both fast response and 
long-term stability without speed sensors. 


The speed of small DC motors 
is usually controlled either by 
regulating the current or with a 
velocity feedback loop using a 
tacho generator or 
sensor. But both of these 
systems have disadvantages. 
Current control offers a fast 
response to transients but poor 
long term stability, while vel- 
ocity feedback schemes need a 
costly tacho generator and only 
provide an adequate transient 
response if a high-frequency 
AC tacho is used. 

A new motor speed regulator 
chip, the SGS TDA7272 (Fig. 1), 
combines the best features of 
the two techniques, having a 
current contro] loop to 
guarantee fast transient 
response, plus a velocity feed- 
back loop to guarantee long 
term stability Unlike conven- 
tional velocity feedback con- 
trollers, the TDA7272 needs no 
tacho generator or speed 
sensor, it determines the motor 
rotation speed exactly by sens- 
ing the motors commutation 
spikes. 
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| TDA 7272 





speed 


H-bridge output 
delivers 1A 


Originally designed for 
autoreverse cassette tape 
players, the TDA7272 includes a 
H-bridge output stage capable 
of driving a DC motor in both 
directions with a single supply 
and delivering up to 1A peak 
output current. 

Two logic inputs select the 
direction of rotation—clock- 
wise or counterclockwise—and 
fast braking (with the motor 
short-circuited by the device's 
output stage), or the standby/ 
free-running mode where all 
four transistors in the bridge 
are turned off. 

By means of external resistors 
or control signals the rotation 
speed may be set indepen- 
dently for each direction. In a 
typical JC-controled auto- 
reverse car cassette player the 
two speed control inputs are 
commoned and connected to 
ground via a resistor which sets 
the play speed and is shorted 
by an open-collector output to 








Fig. 1. Internal diagram of the TDA7272 motor speed regulator 


chip. 





select the fast forward/rewind 
Speed. 

The TDA7272 operates on a 
9-18 V supply and includes pro- 
tection against load dump tran- 
sients, output short circuits and 
thermal overload. 

The device is assembled in a 
special high power  DIP 
package called Powerdip 
16-242. This 20-lead package 
has a thick copper leadframe 
and uses the four center pins to 
conduct heat from the die to the 
printed circuit board copper. 
Suitable for automatic insertion, 
this package is ideal for appli- 
cations where space is limited. 


Senses motor 
commutation spikes 


One of the most interesting 
features of the TDA7272 is its 
ability to determine the true 
motor rotation speed by sens- 
ing the commutation spikes 
across the motor terminals. 

Figure 2a shows the current 
waveform in a typical three- 


(b) | | 


phase miniature DC motor. In 
the TDA7272 this waveform, 
converted into the correspond- 
ing voltage waveform by a sens- 
ing resistor, is differentiated 
and clipped to obtain a feed- 
back signal consisting of six 
pulses per rotation (Figs. 2b & 
2c). A hysteresis of 10 mV and 
20 mV bias in the clipping com- 
parator assure sufficient noise 
immunity to make this scheme 
reliable in practice. 

In a typical cassette player the 
motor runs at about 2000 rpm so 
the tacho pulse signal will be 
roughly 200 Hz. 

These pulses are then inte- 
grated to provide a voltage pro- 
portional to the motor speed. 
This voltage is compared witha 
reference voltage—derived 
from the speed-setting inputs— 
in the error amplifier. 
However, the integration ca- 
pacitor must be large to 
minimize ripple, which ex- 


plains why pure tacho feed- 
back schemes suffer from a 
poor transient response. 

This is where the TDA7272's 


motor 
(a) current 
waveform 


wavelorm (a) 

is converted 

to a voltage 

and dillerentialed 


..and shaped lo 
provide three 
pulses per 
rotation 





Fig. 2. To obtain a tacho signal without a tacho, the TDA7272 
amplifies the commutation spike waveform across the motor 
terminals, differentiates it, and clips it to provide six pulses per 
rotation (from a typical three phase motor). 
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Fig. 3. In a typical autoreverse car-cassette application, the 
TDA7272 speed controller drives a bidirectional motor and both 
feedback loops are active. Rewind speed is selected by shorting the 
resistor on pins 17 & 20. 


magnetic 
---] or optical 
lacho gen, 





Fig. 5. A tacho generator can be added where greater noise 
immunity is needed. If the tacho frequency is above 2 kHz the cur- 
rent loop is unnecessary, allowing a saving in external components. 
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Fig. 4. The TDA7272 may also be-used to drive two one-way-only 
motors running at different speeds, or one motor running at two 


speeds. 


second control loop comes in. 
Current feedback from the 
motor is summed with the out- 
put of the error amplifier. 
Consequently large transient 
speed changes are compen- 
sated immediately by the cur- 
rent loop, leaving only a small 
error for the velocity loop to 
correct in order to maintain a 
precisely controlled speed. 

An external resistor sets the 
amount of V/I 'preregulation' 
superimposed on the tacho 
control loop. This resistor is 
chosen to provide the optimal 
balance between transient 
response and speed precision 
for each application. The cur- 
rent control loop can even be 
inhibited completely to save 
components in applications 
where both the motor's load 











Rmotor/60 








y primary : 3 turns 
secondary : 12 lurns 
on 1/2" toroid 
(arnold A390-134-a 
or similar) 


67156 


Fig. 6. Where the TDA7272's 1 A output capability is insufficient, power opamp boosters can be added 


as shown here. 


and supply voltage are suf- 
ficiently constant to obviate the 
need for fast transient response. 


Useful in many 
applications 


The TDA7272 motor speed con- 
troller is useful 1n many appli- 
cations where precise 
(4 1/1000) speed control of small 
DC motors is required. 

Figure 3 ilustrates how the 
device is used in an autoreverse 
car-cassette player or tape 
recorder, driving a single 
bidirectional motor. In this ap- 
plication both control loops are 
used. The effective speed con- 
trol provided by the TDA7272 is 
important in tape players since 
it affects directly the audio 
quality, minimizing wow, flutter 
and pitch errors. 

Note how an open-collector 
output of the uC chip selects 
either play or rewind speed by 
shorting the speed setting re- 
sistor. 

The TDA7272 can be used 
equally well in applications 
where the motor never 
reverses. Alternatively, a single 
device can drive two motors 
operating at different speeds, 
or a single two-speed motor as 
shown in Fig. 4. 

Though the device was de- 
signed for use without tacho 
generators, it can easily be 
used with one, or with a digital- 
type speed sensor. This can be 
useful when, for example, 
greater noise immunity is re- 
quired, or where a motor/tacho 
combination is already 
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Fig. 7. The tacho signal derived by the TDA7272 from the motor 
commutation spikes can be useful to count the number of 
revolutions. Two 8-bit counters cascaded in the Z8430 CTC count 


up to 10923 revolutions. 


available. Moreover, if the tacho 
frequency is high enough—at 
least 2 kHz—the current feed- 
back loop is not necessary, per- 
mitting a saving in external 
components, as shown in Fig. 5. 
For applications where the 
TDA7212's | A output capability 
is insufficient, high power 
opamp boosters such as the 
SGS L465 may be added as 
shown in Fig.6. This circuit 
delivers up to 4 A with a motor 
supply of 40V. High power 
speed control circuits like this 
are useful in the industrial and 
electromedical fields. 

Another useful feature of the 
TDA7272 is that a TTL- 
compatible tacho signal— 
derived from the commutation 
pulses—is available on pin 14; 
there are 6 pulses per rotation. 
This output can be used, for 





example, to count the revol- 
utions for applications such as 
measuring the flow rate of a 
pump, or the travel of a ser- 
vomechanism. The pin 14 tacho 
output may be connected to a 
presettable up/down counter, 
or to a counter/timer periph- 
eral such as the 28430 (Fig. 7). 
Using an 8-bit counter in the 
28430 it is possible to count up 
to 42.5 revolutions; 2 cascaded 
8-bit counters can count up to 
10923 revolutions. In the circuit 
of Fig. 7, a 28420 parallel I/O 
peripheral controls the motor 
speed through a D/A con- 
verter. 


* Arturo Wolfsgruber is with 
SCS Microelettronica SpA. 











MORSE CODE TEACHING 
PROGRAM FOR ELECTRON 








AND BBC COMPUTERS 


by A B Bradshaw 


learning to decipher the international morse code in a step-by- 
step course, guided by a patient tutor: an Acorn Electron or BBC 
computer with a printer as an option. 


A few minutes spent tuning a 
good quality short wave re- 
ceiver wil show that there is 
plenty of morse traffic available 
to listen to in addition to that on 
the amateur bands. In spite of 
the increasing use of voice and 
purely digital communication, 
the international morse code is 
still very much alive. This is 
mainly because morse allows 
long distances to be covered 
using simple, efficiently 
operating, transmitters. Ina CW 
(continuous wave) transmitter, 
modulation is effected by the 
station operator switching the 
carrier on and off with the aid of 
a morse key. The international 
morse code is an agreed set of 
combinations of dashes (long 
periods) and dots (short 
periods) that represent letters, 
numbers, and signs. At the re- 
ceiver side, a BFO (beat fre- 


quency oscillator) is used for 
detecting the CW signal, which 
can be contained in a very nar- 
row bandwidth to ensure good 
selectivity and freedom of 
noise on adjacent frequencies. 


A training session 
In the program described, " * ” 


represents a dot, and ' — "a 
dash. The asterisk was prefer- 
red over the full stop because it 
remains in line with the dash, 
and so prevents visual distrac- 
tion. Essentially, the program 
strips the morse character intoa 
serial form, and actuates the 
computer's internal bleeper in 
accordance with the length of 
the " * " and the " — ". The 
bleeper is programmed to pro- 
duce a tone of approximately 
850 Hz while timing routines en- 


sure the correct duration of the 
dots and dashes, as well as the 
spacing between them. 

The training speed is user 
definable in a range from | to 
10. An option is built into the 
program to output all available 
morse characters slowly, in a 
consecutive fashion, i.e., A, B, C, 
D. X L2,9.14,3;-. eic 
plus the 10 signs. This is done at 
speed 2, representing the point 
at which the beginner will start. 
The trainee can select practis- 
ing letters, letters and numbers, 
or letters, numbers and signs. 
Groups of five pseudo-random 
morse characters with a 2 
character space are generated 
by the computer, and made 
audible for taking down by the 
trainee, who, naturally, should 
not look at the screen where 
the characters are arranged in 
lines to form a page. The page 


number is displayed in the top 
right hand corner of the screen. 
At the end of a page, the word 
"PAUSE' is flagged up, and the 
code groups remain on the 
screen for about 20 seconds. 
This pause enables an external 
printer making hard copy of the 
assignment. As most printers 
make some noise, this method 
is preferred to continuous ac- 
tuation, which would have a 
distracting effect. The pro- 
ficiency level can be evaluated 
later by comparing the trainee's 
written characters to those on 
the hard copy page. The author 
does not own a printer, but all | 
that is required is to enable 
the printer at the start of the 
page end, and delay and dis- 
able it when the page end 
delay has lapsed. A REM state- 
ment shows the relevant area in 
the program. 
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REM **** MORSE CODE TEACHING PROGRAM »**3 6398 NEXT D 
MODE 6 640 PRINT TABi 22,5)" “PRINT TABIZZ,SIPY 
REPEAT 650 FOR Zs1 TO LEN 1P$): KS-MIDHIPE,Z,1) 
PRINT TAB(6,4)"7****MORSE TEACHING PROGRAM He IF X£-"'" THEN 670;ELSE IF X$s"-" THEN 68@ 
PRINT TAB(6,8)" "CHARACTER RANGE:" 670 WUs38,;i3*TI:GOTO 69a 
PRINT TAB(6.1@)"1 = LETTERS" 68) etë, 
PRINT TAB(6,12)"2 = LETTERS & NUMBERS" 6290 SOUND 1,-15,150,W: SOUND 1,0,0,30/:(3*T) 
PRINT TAB(&6,14j"3 = LETTERS & NUMBERS & SIGNS" 700 NEXT Z:SOUND 1.0,0,.30/T 

PRINT TAB(4,18)"TO HOLD, USE CTRL & SHIFT KEYS." 710 GOTO àa&0 

PRINT TAB(106,.,20)"20 SEC PAUSE FOR PRINTER." 729 DATA '- 

PRINT TAB(12,22)"PRESS SPACEBAR TO CONTINUE." 73@ DATA cran 

KEY=GET 740 DATA -*-* 

UNTIL KEY=32 759 DATA -'*' 

CLS 760 DATA ' 
PRINT:PRINT:PRINT:PRINT:INMFUT"DO YOU KNOW THE CHARACTERS---YES/NO" Ws 778 DATA **-* 

IF W$-z"YES" THEN 210: ELSE IF W$-z'"NO" THEN 126 780 DATA 

IF So "YES" OR WH: + "NO THEN 572 790 DATA **** 

T=2:Ae2 ta DATA të 

IF W$s"NO" THEN 279 510 DATA * 

INFUT"INPUT SPEED No. 1 TO 19",T 820 DATA -' 

IF T:16 THEN 570;ELSE IF T:1 THEN 574 32@ DATA *-** 

PRINT 840 DATA 

INPUT"INPUT CHARACTER RANGE No. 1 TO 3", 850 DATA 

IF A:3 THEN 576, ELSE IF A«1 THEN 570 a60 DATA 

v-e 570 DATA * 

CLE:VeV:1: PRINT TAB(Z29,1)"PAGE ".V BAS DATA 

IF W$-'"NO" THEN PRINT TAB(34,1)"Q* 490 DATA ' 


PRINT TAB(S,Z)"CURRENT", TAB(ZO.,Z 


); "MORSE" 


PRINT TAB(S5,3)" CHARACTER", TABLZO , 3) CHARACTER" 


PRINT TABi5,7)" 
FOR Bs4 TO 6 


TAB, ia” 


PRINT TAB(5E,B);":",TAB(13,B) ; ":"; TABCZO,B) ; ": " , TAB(29,8);":" 
NEXT B:FOR L=8 TO 23:FOR Qesë TO 4:FOR Kel TO & 


Rz26«(A-1)*10 


IF WE="YES" THEN 370;ELSE IF Hëz'NO” THEN 389 


C=RND(R}:GOTO 390 

FOR C=1 TO R 

N=4000/T 

FOR Zzl1 TO N: NEAT Z:FOR J=1 TO 
IF C=J THEN 439 

NEKI J 


R: READ S$ 


IF WEs"YES" THEN ag: ELSE IF W$="NO" THEN 452 
PRINT TAB((K*7*O),L) S$: PRINT TAB(9,5)S$:GOTO 620 


PRINT TAB((K+7"@) ,L)" 
RESTORE 

IF WE="YES" THEN 499 
NEXT C 

IF K=5 THEN 51¢ 

NEXT K 

NEXT Q:IF G=4 THEN 526 


NEXT L:IF L=24 THEN 530;ELSE 550 


";PRINT TAB(39,5)5$:GOTO 629 


PRINT TAB(31,2)" "PAUSE" :REM PRINTER CONTROL HERE 
FOR Z=1 TO 300090:MEXT Z:PRINT TAB(31,2)" a 


GOTO 27@ 


DATA A,B,C,D,E,F,G,H,I,J,EK,L,M,N,O,F,OQ,R,S,T,U,V,U,X, Y,Z,1,2,3,&, 


iem 05 B. LL Ba T Pix E, Em 
PRINT 
PRINT 
PRINT 
PRINT 


PRINT “INCORRECT ENTRY --- PLEASE RERUN PROGRAM": END 
FOR D=1 TO (Rtiab—Ri1: READ P£:1F D=46 THEN 648 


Program description 
The following is a brief descrip- 
tion of the function of a number 
of routines in the BASIC 
program. 

Lines 10 to 150 are the first page 
instruction to the user 
Operating the space bar moves 
you onto the next page. As 
usual, the carriage return key is 
pressed after taking the 
selections. 

Lines 160 to 330 are used for in- 
putting the variables and draw- 
ing the boxes. They also detect 
and advise on false entries, to 
which the reply is at line 570. 
Statement END is used so that 
the machine does not produce 
any additional information. 
Lines 340 to 410 are mainly for 
loop and control variables ef- 


numbers, while "A" is a 
"Character Range” input vari- 
able. From this it is seen that 


if"A"z], "R" can have random | 


numbers up to 26; 
if"A"-2, "R" can have random 
numbers up to 36; 
if "A" 23, "R" can have random 
numbers up to 46. 


At line 380 it can be seen that 
"C" is a control variable with an 
upper bound of "R'. A limited 
random is returned in "C^, and 
this is used by the DATA/READ 
pointer "J". Hence when J=C 
the pointer points into the data 
at line 560. It is the matching of 
J and C that provides the ran- 
dom selection of data. At line 
450, previous characters are 
erased by printing nulls over 


aee DATA *44 
31€ DATA 

920 DATA '" 

330 DATA tr 
14@ DATA * 

950 DATA 

950 DATA 

378 DATA 

SEE DATA * 

a30 DATA ** 
1009 DATA ** 
1010 DATA **** 
1020 DATA tëri 
1030 DATA -*'* 
1840 DATA --** 
1056 DATA 

1060 DATA - 
1070 DATA 

1088 DATA *-*-* 
1090 DATA 

1100 DATA * 
1118 DATA *-**-* 
1128 DATA '* 
1130 DATA *-*.* 
1140 DATA 

1150 DATA 

1160 DATA 

1170 DATA -*'** 


Notes: 

On line 458 there are 
Qn line 54@ there are 
On line 540 there are 


has just been generated by a 
given random number (’’C”’ at 
line 370), and matched by the 
data pointer ("J'" at line 410), the 
alphanumerical selection in the 
first data array (line 560) is 
related with the morse pattern 
in the second array (lines 
120...1170). This is done at line 
620, which is left in primitive 
form to show that it is used for 
counting the complement (re- 
mainder) of the first data array 
and then up to the correspond- 
ing place in the morse pattern 
array. For example, if "L" is 
selected, the equivalent morse 
pattern is’ *—** ", Both the let- 
ter and the pattern are placed 
into their respective box on the 
screen. 

Line 650 first measures the 


spaces between quotes 
spaces between quotes. 
spaces between quotes. 





lines 650/700. This loop enables 
string variable X$ to be loaded 
serially by the string operator 
MID$(P$,2,1). Remember that P$ 
contains the morse pattern as a 
string, displayed in the right 
hand box. The contents of X$ 
are "interrogated" at line 660 
for controlling the duration of 
the sound in the SOUND state- 
ment at lines 670 & 680. The in- 
put speed parameter "T" 
relates the length of the signals. 
Lines 670 and 680 are the dot 
and dash period control, re- 
spectively, while the second 
statements at line 690 and 700 
ensure the correct "dot" and 
"dash' silence (inter character 
space). All these statements are 
related to the speed parameter, 
"T', and so ensure correct 


fecting character and line con- | them. length of the morse pattern. | morse timing. Bu 
trol. Note that at line 370 a | Lines 620 to 710 are used for | Evidently, this varies from a 
random number is returned but | reading the data lines 720 up to | single dot to, say, a combination 
wil be dependent on | and including 1170. The data is ! up to 6 symbols long. Instruc- 
parameter ”R”. At line 350 is | in the form of " * " and ” — " | tion LEN(P$) is used as an "end 
shown the expression | patterns, pointed at by 'D' and | stop" in the parallel, serial 
R=26+(A—1)*10, which sets | loaded into the string variable | decoding and splitting routine, 
the upper limit of the random | P$. Whilst the current character | ie, for the FOR/NEXT loop at 
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EVENTS 


IEE wiring regulation 
courses 


The IEE is running a new series 
of two-day short courses on the 
IEE Wiring Regulations. These 
courses take full account of the 
June 1987 Amendments to the 
Wiring Regulations. 
There are three 
course: 
(1) Introduction to Design, 
which is aimed at pro- 
fessional engineers, senior 
managers, and others, who 
have a responsibility for design 
or specification; 
(2) Installation and Main- 
tenance, yyhich is suitable 
for those involved in new instal- 
lation work and/or the main- 
tenance of existing installations; 
(3) Refresher Workshop, which 
is intended for professional 
engineers, designers, and 
others, who already have a 
sound working knowledge of 
the regulations. The courses 
are run at Savoy Place, London, 
and at Manchester, Edinburgh, 
Clasgow, Bristol, Coventry, 
Southampton, and Brighton 
during the autumn and winter 
months. 


Further details from the Career 
Development Section e Insti- 
tution of Electrical Engineers 
o Station House Oo 
Nightingale Road e HITCHIN 
SG5 IRJ e Telephone (0462) 
5333] Ext. 281. 


types of 


IEE Meetings this 
month 


2 Open Systems Management 

2 The World Administrative 
Radio Conference for 
Mobile Services 1987 

3 Measurement,  Instrumen- 
tation and Design 

6 Shaped-beam 
Antennas 

9 Engineering Aspects of UK 
DSB 

10 The Future of the Personal/ 
Home Computer 

ll Potential Impact of new 
Superconducting Materials 
on Electrical Machines 

ll Memories of the Future 

20 Machine Learning 

20 Optical Techniques for Sig- 
nal and Image Processing 

23 Radio Determination Satellite 
Systems Geostar and Locstar 


Satellite 


26 Radio-based Communi- 
cation Systems for the Con- 
trol and Management of 
VVide-ranging  Fast-moving 
Vehicles 

26 The Life and Loves of Sebas- 
tian Z de Ferranti 

21 Man-Machine interfaces for 
Intelligent Knowledge- 
based Systems 

30 What is Happening to the UK 
Broadcast Manufacturing In- 
dustry? 

Full details from The Institution 

of Electrical Engineers e 

Savoy Place e LONDON 

WC2R OBL e Telephone 01-240 

1871. 


Electric Indonesia 


The third bi-annual Inter- 
national Electrical and Elec- 
tronic Engineering, Power 


Generation and Supply Exhi- 
bition will take place at the 
Fairgrounds, Jakarta, from 10 to 
14 November. Bnitish industry is 
making a strong presence at 
this exhibition. 


Wescon '87 


The Californian Electronics 
show and Convention takes 
place in San Francisco from 17 
to 19 November. 


Full details of these two events 
may be obtained from the 
Federation of British Elec- 
trotechnical and Allied 
Manufacturers’ Associations 
e 8 Leicester Street e LON- 
DON WC2H ZBN e Telephone 
01-437 0678. 


COMEX 1987 will be held at the 
Sandown Exhibition Centre, 
Esher, Surrey from 3 to 5 
November. Full details are 
available from Bush Steadman 
& Partners Ltd e Crown 
Chambers e 36 High Street e 
SAFFRON WALDEN CBI10 1EP 
e Telephone (0799) 26699. 


The 7th International Con- 
ference on Custom and 
Semicustom ICs will be held at 
the Heathrow Penta Conference 
Centre, London, from 3 to 5 
November. Full details from 
Prodex Ltd e 9 Emson Close e 
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SAFFRON WALDEN CB10 1HL 
e Telephone (0799) 26699. 


Technology Appraisals is 
holding two seminars this 
month: Office Document 


Architecture (ISO ODA Stan- 
dard) from 23 to 24 November, 
and Understanding SNA from 
25 to 27 November. Details from 
Technical Appraisals Ltd e 
Leo House e Portsmouth Road 
e THAMES Ditton KT7 OXF e 
Telephone 01-398 9386. 


AMK Berlin seminars 
this month: 


2-4 Implementing Fifth Gen- 
eration Computer Tech- 


nology 

2-5 Optimized Basic Chip 
Design 

5-6 Fourth and Fifth Gener- 
ation Languages and 


Their Implementation 
23-26 Communicating and 
Computing in Real Time 
23-21 Software Engineering for 
Engineers 
23-41 Data Network Software 
Design 
Full information from AMK 
Berlin eMessedamm 22 e 
D-1000 BERLIN 19 e Tele- 
phone +49 30 3038. 
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ICS Courses this 
month: 


Data Communications 
Networks 

3-6 Stockholm (in Swedish); 
17-20 Paris (in French) 
Advanced Microprocessor 
System Design 

3-6 London 

Common LISP and LISP En- 
vironments 

3-6 London 

Computer Network Design & 
Protocols 

3-6 Stockholm (in Swedish); 
10-13 London 

High Performance Computer 
Architectures 

10-13 Stockholm (in Swedish) 
UNIX Hands-on Workshop 
10-13 Stockholm (in Swedish); 
24-27 Paris (in French) 
Hands-on Microprocessor 
Troubleshooting 

17-20 Stockholm (in Swedish) 
Integrated Voice/Data Com- 
munications & ISDN 

24-27 London 

Fibre Optic Communications 
24-27 Paris (in French) 
Implementing Local 
Networks 

24-27 Paris (in French) 
Details from ICS Publishing 
Company Ltd e 3 Swan Court 
e Leatherhead KT22 8AD e 
Telephone Free  Linkline 
Number 0800 282 353 or (0372) 
379211 
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Low-cost PCB 
prototyping 
vvorkstation 


Mega Electronics announce the 
introduction of a comprehen- 
sive but low-cost system for the 
prototyping of printer circuit 
boards. 

This new system, which is in- 
troduced as the SENO Work- 
station, represents a totally new 
and unique concept: it is the 
ultimate in simplicity, yet em- 
bodies all of the components 
required for the design and 
production of high-quality 
printed circuit boards. 
Moreover, it utilises chemicals 
which are completely safe, and 
which may be disposed of by 
conventional means. 

Priced at only £45, the SENO 
Workstation contains every 
essential element for PCB pro- 
totyping. It includes artwork 
materials, for PCB design and 
circuit layout; PCB laminate 
materials; cleaning block; 
spraywash facilities, which ob- 
viate the need for mains water; 
an environmentally-safe board 
etching system; and chemicals 
which are contained in unique, 
simple to use disposable ap- 
plicators. Moreover, the 
chemicals are themselves non- 
hazardous and non-toxic, and 
do not require special disposal 
procedures or precautions. The 
applicators have been es- 
pecially developed to simplify 
the use of these chemicals and 
to remove problems associated 
with their disposal. 


Mega Electronics Ltd. 

9 Radwinter Road 

Saffron Walden 

Essex CBIl SHU. 

Telephone: (0799) 21918, 26626 
Telex: 81653 G (3662:12) 


Low-cost SMPSU 
module from 
Astec 


This neat PCB, just 50mm 
square, will accept up to 24 V 


DC input and give a stable 5 V | | 


us së mew 
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DC outat up to 2 Amps. The six 
transistor circuit provides cur- 
rent overload protection, ther- 
mal cut-out and excellent 
filtering. 

Offered at the remarkably low 
price of just £5.00 including 
VAT and postage, this module 
represents excellent value for 
money. 


Greenweld Electronic Com- 
ponents 

443 Millbrook Road 
Southampton SO] 0HX. 
Telephone: 

(0703) 772501/783740 (3662:17:F) 


All band aerial 
tuning unit 


New from Telecomms is the 
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Nevada 1kW All Band ATU, 
model TMI000. The unit is a 
natural extension of the Nevada 
Professional Series of discrete 


ATU. components, ie, the 
Roller Coaster, Turns Counter 
and Variable Capacitors re- 
leased over the last nine 
months. 

The ATU. is continuously vari- 
able from 1.8 to 30 MHz and 
uses a transmatch circuit that 
allows for maximum flexibility. 
The unit can handle a wide 
range of antenna impedances. 
stringent efforts have been 
made in the course of manufac- 
ture to offer the best possible 
value for money at a price the 
Radio Amateur can afford. Sell- 
ing at just £125 (inc VAT), the 
TM1000 is priced well below its 
competitors. 

For those who still wish to con- 
struct the A.TU., we are offering 
the unit in kit form which in- 
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cludes: — the empty case, pre- 
drilled, 2 capacitors, ] Roller 
Coaster and | Turns Counter at 
a cost of £100 (inc VAT). 
Telecomms have already re- 
ceived many enquiries from 
around the world for this unit 
and indeed one sample has 
already been sent to the Flying 
Doctor service in Australia, 
where it wil be used for 
emergency communications. 


Telecomms 

189 London Road 

North End 

Portsmouth PO2 9AE. 

Telephone: (0705) 662145 
(3662:14:F) 


SMA 1 Megabit 
DRAM 


STC MULTIcomponent has in- 
troduced the latest addition to 
Toshiba’s large capacity 
memory family—the new 
TC11000J10 1 MB DRAM—which 
has been designed for surface 
mounting. 

Applications include personal 
computers, mini and mainframe 
computers, terminals, factory 
automation equipment and 
large memory systems. 
Organised as 1,048,576 words 
by | bit and based on a proven 
silicon gate CMOS technology, 
the device is packaged in a 
26-pin plastic SOJ. Its size pro- 
vides high system bit densities 
and offers compatibility with 
most standard automated as- 
sembly and test equipment. 
Features include a fast 8 ms 
time for 512 refresh cycles, 
direct interfacing with Schottky 
TTL, an high-speed 55 ns page 
mode cycle time and a single 
power supply of 5V +10%. 
Maximum operational power 
consumption is a low 570 mW 
which falls to just 5.5 mW in the 
standby mode. 


STC MULTIcomponent 
Edinburgh Way 

Harlow 

Essex CM20 2DF. 
Telephone: (0279) 442971. 
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Low cost solar 
cells from Hero 


Available from Hero Elec- 
tronics, is a new range of Solar 
Cells intended for experimen- 
tal and commercial appli- 
cations. The Cells are low cost 
and available in various 
voltage/size Modules. 

The amorphous silicon cells are 
extremely efficient, even at low 
light levels, and furthermore, of- 
fer an essentially linear 
response from 50 LUX to 105 
LUX. 

Applications for these Cells in- 
clude School/College/Hobby 
Experimental/Commercial, 
and encompass also Clocks, 
Portable Instruments Calcul- 
ators, Memory Saving, Light 
Detectors, Luxmeters,  Tele- 
phone Memory, Moving Adver- 
tisements, Electrical Fencing 
and various Remote Control ap- 
plications. 


Hero Electronics Limited 
Dunstable Street 

Ampthill 

Bedfordshire MK452]S. 
Telephone: (0525) 405015 
Telex: 825906 (3662:6) 


Double 
Insulated 
Budget Range 
Toroids 


New production methods and 
materials have enabled 
Cotswold Electronics to supply 
their wel known  'Budget 
Range' of toroidal transformers 
with an alternative double insu- 
lation which meets B.S.5850 re- 
quirements and B.S.415 Class 2 
for insulation in accordance 
with insulation thickness and 
creepage distance where two 
layers of insulation out of the 
three specified must meet a 
flash test of 4.2 kV peak. When 
a thermal cut out is fitted the 
transformers in the Budget 
Range' would meet all the other 
aspects of B.S.415. These toroids 
would also comply witih IEC 65 
and IEC 380. 





| Customers using the D1000 to 


D1067 transformers will find that 
the D2000 series are exact 
equivalents with the exception 
of the double insulation 
capability which is now 
available at no extra cost. The 
VA ratings remain the same at 
30, 60, 100, 160, 230, 330 and 
530 VA. The standard stock 
primary voltage is 120-120 V 
but single primary 240 V and 
llOV and 220V are also 
available. The working fre- 
quency is 50 to 60 Hz and the 
operating range is 47 to 400 Hz. 
An interwinding metal screen 
can be supplied where the 
transformer is intended to pro- 
vide protection against the 


primary voltage being applied 
to the secondary in the case of 
an insultion fault. 


The secondary windings are 
generaly dual voltage types 
ranging from 6+6 V to 504-50 V 
with 9, 12, 15, 18, 22, 25, 30, 35, 
40, 45 V in between. Toroids 
with single secondaries of 110, 
220, and 240V are also 
available. The double insulated 
‘Budget Range’ are terminated 
in PVC. insulated leads 150 mm 


| long. 


As a general rule, toroids have 
been more expensive than tra- 
ditional stacked lamination 
types but recent improvements 
in production methods, includ- 
ing winding and insulation ap- 
plication, have led to a gradual 


reduction in unit cost to virtual | 


parity in any type of 30 VA and 
over. Although the ‘Budget 





Range’ would imply cost cut- 
ting, these toroids are pro- 
duced to the specifications 
mentioned above, but do not in- 
clude any unnecessary 
"features" which the user 
would not need. The toroid is 
the ideal component for mount- 
ing because it only requires a 
single fixing screw through the 
centre of the transformer. It also 
can be supplied with a low 
height to width profile which is 
a requirement in the current 
slimline electronics. Other ad- 
vantages claimed for toroids in- 
clude: approximately 50% 
lower volume, 50% lighter, and 
8:1 reduction in electrically in- 
duced noise (hum), reduced 
audible noise because the win- 
dings completely envelope the 
core and reduce magneto- 
strictive effects. The toroids are 
also very efficient which means 
the circuit designer can afford 
to be conservative in rating the 
transformers without incurring 
size penalties. The ‘Budget 
Range’ can be operated where 
the temperature rise plus am- 
bient does not exceed 105 °C, 
although protracted tests have 
shown that transformers can be 
constructed which will operate 
at 120 °C without deterioration. 


Cotswold Electronics Ltd. 

Unit T.I. 

Kingsville Road 

Kingsditch Trading Estate 

Cheltenham GL51 9NX. 

Telephone: (0242) 41413 
(3662:13:F) 








New 


prototyping 
board 


E&H Electronics have recently 
introduced Protocard, a pro- 
fessionally designed British 
product for the easy construc- 
tion of prototypes of new 
circuits. 

Six l6-way DIL sockets have 
their pins brought out to large 
area solder pads allowing com- 
ponents to be easily "tacked" 
onto the PCB. Each IC is 
marked with a pin location and 
supply tracks, signal tracks etc. 
run the full length of the board. 
Protocard can be used as many 
times as required: simply 
remove all components from 
the PCB, and Protocard is ready 
for use again. 

A pack of Protocard Plancards 
is supplied for planning the 
component layout. Solder and 
instrument wire is also supplied 
with each Protocard. 

Easy to use by either the pro- 
fessional or amateur, Protocard 
will give years of reliable use. 
Components do not fall off the 
board, and there are no bad 
contracts, often found in push- 
in type prototyping boards. 


E&H Electronics 

33 North Street 

Keighley 

West Yorksire BD20 3SL. 

Telephone: (0535) 44103 
(3662:16:F) 
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Shortwave but 


long on quality 


Sony's impressive range of 
shortwave receivers is boosted 
by the introduction of three 
new models. 





At the top of the new range is 
the ICF PRO 80—styled like a 
walkie-talkie and complemen- 
tary to the Sony AIR 7 while 
packing most of the facilities of 
the renowned ICF 2001D. 

ICF PRO 80 offers 115 kHz to 
223 MHz continuous coverage, 
40 memories, 10 key tuning and 
six way scan tuning. It has an 
auto/manual squelch control. 
ICF 7600DA is a 15 band re- 
ceiver, FM/MW/LW/SW x 12, 
with LCD frequency read outs, 
dial pointer and band indicator, 
and 15 station pre-sets. It has a 
clock and timer. ICF 7600DA is 
a sister to the popular ICF 


1600D but offering the option of | | 





analogue tuning for those who 
prefer a dial. 

WA 8800 is a multi-use short- 
wave radio cassette with a 10 
band turner (FM/MW, 8 x SW) 
with auto reverse stereo 
cassette deck and LCD alarm 
clock, with two speakers built 
in. "Shortwave radios are an im- 
portant part of our business, not 
least in that the innovations in 
quality are often translated 
through our range,’ says Yoshi 
Nagayama, Sony Portable Prod- 
ucts Manager. 


Sony (UK) Limited 
Sony House 

South Street 

Staines 

Middlesex TW18 4PF. 
Telephone: (0784) 67000 
Telex: 92671 


Fax: 0784 63218 (3662:1:F) 


Lend a hand to 
PCB assembly 


The new  Solbest system 
available from Toolrange gives 
the soldering station operator a 
“third” hand by allowing the 
complete soldering operation 
to be done with one hand. The 
other hand remains free to hold 
a PCB, wires, plugs, switches or 
other components. 

The soldering wire is fed elec- 
trically from a dispensing 
module to the solder joint. A 
microswitch for activating the 
need motor is fitted in the iron 
handle and adjustment for dif- 
ferent solder wire diameters 





and tip lengths is both fast and 
simple. 

Using just one hand the 
operator simply depresses the 
microswitch on the iron handle 
to dispense solder with great 
precision onto the desired joint. 
Pre-tinning, pre-fixing or pre- 
positioning of wires, strands or 
components is  unnecesary. 
Consequently there is no 
melting of pre-tinned parts or 
else melting occurs whilst the 
flux is being applied thereby 
keeping solder joints clean and 
free from oxides. 

The Solbest system gives ex- 
tremely precise control of even 
the finest small diameter solder 
wire allowing quick and ac- 
curate soldering of miniature 
components held in place by 
tweezers or a Vacuum pencil in 
the operator's free hand. 


Toolrange Limited 

Upton Road 

Reading RG3 4JA. 

Telephone: (0734) 29446 

Telex: 847917 (3662:7:F) 


TDS9O90 Forth 
Instrumentation 
Computer 


The TDS9090 is a powerful con- 
trol computer based on the 
high level language Forth. 
Although small, it is packed 
with important features which 
make it easy to use in instru- 
mentation applications. For 
example it interfaces with an 
alphanumeric Liquid Crystal 
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Display and has a buiit in 


keyboard encoder. The soft- | 


ware support included helps in 
writing programs for operator 
input and output. These are just 
two of the many attributes 
which, along with the low 
power C-MOS and surface- 
mount construction, allow the 
TDS9090 into applications 
where other controls cards can 
not be used. The price is 
£194.95 for the development 
model, and only £99.95 each for 
29 off. The computer uses the 
Hitachi 63A03Y microproces- 
sor. It has a 16 Kbyte Forth and 
ful symbolic assembler. Pro- 
grams can be written in high 
level language mixed with 
assembler for  time-critical 
parts. There is 30 K of RAM and 
16 K for the user's program. 
There are 35 parallel input- 
outputs and 2 serial ports. An 


on-card 256 byte EEPROM is for | 


storage of system parameters 
which have to be kept while the 
unit is not working. Additional 
features include the Watchdog 
Timer, Time-of-day Clock, 
Multitasking and its single 
power supply drawing only 
3mA in a low power oper- 
ational mode. 

The TDS9090 is just 100x 72 mm 
in size. In one version it has a 
DIN connector so this is a 
shortened Eurocard. The other 
has pin headers and you con- 
nect to it by ribbon cable. 
Alternatively use this type as a 
computer ‘component’ plug- 
ged into a larger printer circuit 
board. The card has holes for 
mounting screws or pillars. 
Any serial terminal can be used 
as the development interface to 
the TDS9090 but best is an IBM- 
PC compatible. BBC computers 
are also supported. The low 
outlay to start developments 
with TDS9090 is particularly im- 
portant. £90 for the support soft- 
ware and 19495 for the 
development card buys a com- 
plete system. Prices exclude 
postage and VAT. 


Triangle Digital Services 
Limited 

100a Wood Street 
Walthamstow 

London E17 3HX. 

Telephone: (01 520) 0442 


Telex: 262284 (3662:10) 





EE 


PARTS & BOOKS 


All orders must be sent BY POST to 
our Brentford office using the appro- 
priate form opposite. Please note that 
we can not deal with PERSONAL 
CALLERS, as no stock is carried at the 
editorial offices. The postal address is 
given at the back of the form. 

All prices shown are net and customers 
in the UK should add VAT where 
shown. ALL customers must add 
postage and packing charges for orders 
up to £15.00 as follows: UK, £1.00; 
Europe, £1.50; other countries, £2.00 
(surface mail) or £3.00 (airmail). For 
orders over £15.00, but not exceeding 
£50.00, these p&p charges should be 
doubled. For orders over £50.00 in 
value, p&p charges will be advised. 


Software is also available from 
TECHNOMATIC LIMITED (for address, 
see inside front cover). 


In Sweden, printed-circuit boards 
should be ordered from 
ELECTRONIC PRESS 

Box 63 

$-182 11 Danderyd 

Telephone: 08-753 03 05 


SUBSCRIPTIONS 


Subscriptions can be provided 
anywhere in the world: they may be 
ordered on the appropriate form op- 
posite. 


LETTERS 


Letters of a general nature, or express- 
ing an opinion, or concerning a matter 
of common interest in the field of elec- 
tronics, should be addressed to The 
Editor. Their publication in Hektor Elec- 
tronics is at the discretion of the Editor. 


PAST ISSUES 


A limited number of past issues can be 
supplied at the current cover price plus 
postage & packing as detailed above. 


TECHNICAL QUERIES 


Although we are always prepared to 
assist readers in solving difficulties they 
may experience with projects that have 
appeared in E/ektor Electronics during 
the PAST THREE YEARS ONLY, we 
regret that these can not in any Cir- 
cumstances be dealt with by telephone. 


COMPONENTS 


Components for projects appearing in 
Elektor Electronics are usually available 
from appropriate advertisers. If difficult- 
ies in supply of components are en- 
visaged, a source will normally be 
advised in the article. 











* One week later for camera-ready copy. 







BOOKS 


The follawing books are currently 
available: these may be ordered 
from certain electronics retailers 
or bookshops, or direct from our 
Barnet office. 


SOUL ont demon om ded £6.25 
So? COLE EE o osos romam ET £6.25 
BINDERS 
Elektor Electronics binder ..... £2.95 


FRONT PANELS 


No. Price VAT 
(£) (£) 

Indoor unit for satel- 
lite TV reception 86082-F 3.50 0.53 
True RMS meter 86120-F 6.35 0.95 
Top-of-the-range 86111-F1 5.60 0.84 
preamplifier 86111-F2 4.45 0.67 

Digital sine-wave 

generator 87001-F 5.45 0.82 
Autoranging DMM 87099-F 2.80 0.42 


SOFTWARE 


Software in (EJPROMs No. Price VAT 
(£) tË) 

uP-controlled frequency 

meter 1 x 2732 531 9.00 1.35 

X-Y plotter 

? x Zee 2 uU Ma 

programmable timer 

Tl x Brag nës ST, Së 

GHz pre-scaler 

1 x 2732 536N 9.00 1.35 

automate your 

model railway 

1 * 2716 237 7.36 1.13 

marine computer 

1 x 2716 538 7.39 1 T8 

Jumbo clock 

T u EI 539 14.60 2.20 

Graphics card 

2 x 825123 543 9.60 1.44 

printer buffer 

1x 2716 545 7.30 1.19 

MSX EPROMmer 

1 * ZE128 552 ME [.. 19 

EPROM emulator 

1 x 8748H peo 15 90" 2.25 


PRINTED CIRCUITS 


Readers who wish to make their own 
PCAs (for private and personal use oniy) 
may in many, but not all, cases receive 
the relavant drawings free of charge by 
ordering these on the order form opposite 
and enclosing à stamped addreased 
envelope (preferably 9x 13 In or 

230 x 325 mm]. 


No. Price VAT 
(£] (£) 


DECEMBER 1986 
Temperature probe for 


DMM 86022 1.05 0.15 
Infra-red remote 

control 86115-1 2.85 0.43 

86115-2 3.30 0.50 

True RMS meter 86120 9.75 1.47 


PUBLICATION COPY 




















D/A converter for NO 
bus 


JANUARY 1987 

IDU for satellite TV 
reception 

Top-of-the-range 
preamplifier 

MSX cartridge for uP 
oscilloscope 

Universal control for 
stepper motors 


FEBRUARY 1987 
Mobile studio unit 
Electron ROM card 
VLF add-on unit for 
oscilloscopes 
Digital sine-wave 
generator 


MARCH 19B7 
MSA EPROMmer 
Valve preamplifier 1 


Stereo VU meter 
Biphaser 


APRIL 1987 

Valve preampilifier-2 
Facsimile interface 
Linkwitz filters 


MAY 1987 

Capacitance meter 

Metal detector 

MIDI signal distribution 

Spot sine wave 
generator 


JUNE 1987 

Intercom for motor 
cyclists 

Spot sinë wave 
generator 2 

Autoranging DMM 


JULY/AUGUST 1987 
Wien bridge oscillator 
Duty factor analyser 
Digital voltage/current 
display 
32 K pseudo ROM 
Headphone amplifier 
Hatogen lamp dimmer 
7-digit code lock 


SEPTEMBER 1987 

Surface-mount stereo 
FM receiver 

16 Kbyte CMOS RAM 
for C64 

Active phase-linear 
filter 

EPROM emulator 


OCTOBER 1987 

IEEE interface 

SSB adapter 

14-bit D-A converter 
Recording/playback 
amplifier 

Low-noise microphone 
amplifier 


NOVEMBER 1987 

SSB Receiver for 80 m 
and 20 m 

BASIC computer 

Dimmer for inductive 
loads 

IR Transceiver 


No Price VAT 
i£) I£) 

86312 3.65 0.55 
86082-3 690 1.04 
86111-2 22.50 3.38 
86125 8.45 1.22 
87003 15.40 2.31 
86047 21.00 3.15 
86089 5.70 0.85 
86135 5,05 0.76 
87001 7.50 1.13 
9968-5 2.05 1 
87002 9.50 1.43 
87006-1 8.50 1.28 
86111-3a 6.90 1.04 
87022 1.75 0.28 
87026 8.20 1.23 


87006-2 12.52 1.88 


87038 
84071 


86042 
86069 
87012 


87036- 


87024 


87036- 
87099 


87441 
87448 


87468 
87500 
87512 


87452 
87463 


87023 
87082 


87109 
87136 


87054 
87145 
87168 
87486 


87058 


87051 
87192 


87181 
87179 


= 


8.83 1.32 
7.26 1.09 


0.56 
0.64 
1.11 


not available 


6.85 1.03 


not available 
6.55 0.98 


2.15 
5.85 


0.32 
0.88 


0.98 
4.00 0.60 
9.00 1.35 
not available 
not available 


6.50 


3.20 
4.10 


15.00 
17.50 


Not avallable 
Not available 

7.25 1.09 
Not available 


3.45 0.52 


14.75 2.21 
20.25 3.04 


6.00 0.90 
Not available 


EDITORIAL CALENDAR 








ADVERTISEMENTS 


Elektor Electronics is published on the third 
Thursday of the month preceding cover 
date. Closing date for copy is five weeks 
before publication date for both colour and 
monotone. 

The Publishers will not be liable for any 
loss occasioned by the failure of any 
advertisement to appear from any cause 
whatever; nor do they accept liability for 
printers’ errors, although every care is 
taken to avoid mistakes. Advertisers’ prop- 
erty, artwork, etc., is held at owners’ risk, 
and should be insured by them against fire 
or other damage. 

Copy and illustrations are in all cases sub- 
ject to the Publishers’ approval and must 
comply with the code of advertising prac- 
tice in force in the country or countries of 
publication. The advertiser will indemnify 
the Publishers against any contravention of 
any Trade Act in force in the country or 
coutries of publication. The Publishers 
reserve the right to refuse, suspend, or 
cancel any advertisement or series of 
advertisements. In all cases, the 
Publishers’ Standard Terms of Business 
apply (see reverse of Parts & Books Order 
Form opposite}. The placing of space reser- 
vations by the advertisers or their agents is 
deemed by the Publishers to imply accept- 
ance of, and agreement to be bound by, 
these conditions. 


Advertisement sizes 


Trim size : 297mm x 210mm 

Full page : 265mm x 185mm 

% page : 130mm x 185mm thoriz) 
265mm x 90mm (vert) 

% page 63mm x 185mm {horiz} 
130mm x 90mm (vert) 

Ve page 63mm x 930mm 


Classified & semi-display column width: 
60mm 
Full page/bleed size: 303mm x 215mm 


Production details 

Printing  : offset 

Screen : BAW 40/cm (100^nch) 

colour 60/cm (150/nch) 

Required material : litho artwork or 
same size wrong- 
reading negatives 
(mono! 
colour separated 
film positives and 
progressives 
(colour) 

Agency commission: 1096 


Advertisement rates 


Full page £440.00 
Half page £245.00 
Quarter page £145.00 
Eighth page £95.00 
Special position 

or facing matter +15% 
Cover position +25% 
Bleed * 1096 
Additional colour t £200.00 


Classified ads 45 p per word 

(min 12 words) 

Semi display ads £10.00 per single 
column cm (min 2.5 cm) 

Series discounts are available on appli- 

cation. 

All prices are subject to VAT at the stan- 

dard rate. 


ISSUE DATE DEADLINE* MAIN THEME 

December 1987 19.11.1987 12.10.1987 OSCILLOSCOPES 

January 1988 17.12.1987 9.11.1987 HF.& VHF 'EECHNIQUES 

February 14.1.1988 4.12.1987 TELECOMMUNICATIONS 

March 18.2.1988 15.1.1888 SENSORS 

April 17.3.1988 12.2.1988 ELECTROPHONICS 

May 14.4.1988 11.3.1988 ARTIFICIAL INTELLIGENCE 

June 12.5.1988 8.4.1988 ELECTRONICS & ART 

July/ August 16.6.1988 13.5.1988 AMATEUR RADIO & TV 

September 18.8.1988 15.7.1988 COMPUTERS & MICROPROCESSORS 
October 15.9.1988 12.8.1988 POWER SUPPLIES 

November 20.10.1988 16.9.1988 OPTOELECTRONICS 

December 17.11.1988 14.10.1988 COMPUTER-AIDED TEST & MEASUREMENT 
January 1989 15.12.1988 11.11.1988 AUDIO & HI-FI 

February 19.1.1989 5.12.1988 TV & VIDEO 

March 16.2.1989 ELK KNOWLEDGE-BASED SYSTEMS 
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PARTS 4 BOOKS SERVICE 


VAT No. 454 135 463 


E 


Telephone Date 









This order should be sent to: 
ELEKTOR ELECTRONICS 

1 HARLEQUIN AVENUE 
GREAT WEST ROAD 
BRENTFORD TW8 9EW 
ENGLAND 


Please supply the following. For PCBs, front panels, EPROMs, and cassettes, state the part no. and 
description; for books, state the full title; for back numbers, state month and year of publication; 
for photocopies of past articles, state full name of article and month and year of publication. 
Please use block capitals. For TERMS OF BUSINESS see overleaf. 


No | Description. Price (£) | VAT (£) | Total (£) 








< 


Method of payment (tick as appropriate): Sub-total (£) 
C Bank draft P&P (£) 





CO Cheque (payable to ELEKTOR ELECTRONICS) 
Ci Postal/money order 
DR [LJ dL olei EET]! dul 

Card expiry date: Signature: 
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INTERNATIONAL SUBSCRIPTION SERVICE 


Please enter my subscription to Elektor Electronics for one year. 


- Method of payment (tick as appropriate) 
This order should be sent to: N Invoice us ^ Surface mail 











[ ]Bank draft CI Airmail 
xs e Kl d i SË C Cheque enclosed (payable to ELEKTOR ELECTRONICS) 
WORLD WIDE SUBSCRIPTION Lj Charge my O Access A/c or |. | VISA A/c no. 
SERVICE LTD 
"RH de Card expiry date: Signature: 
EAST SUSSEX TN5 7AJ 
ENGLAND Name 

Address 
For official use only: 

Date received: EX 
. Postal code 
Customer reference: Telephone Date 


For rates, general information, and conditions of sale see reverse of this form. 
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How to order 

Orders for parts and books should 
be sent to 

ELEKTOR ELECTRONICS 

1 HARLEQUIN AVENUE 

GREAT WEST ROAD 

BRENTFORD TW8 SEW 
ENGLAND 

Enter the details of your order, cut 
out the completed order form, 
enclose your remittance where ap- 
propriate, and post. 


How to pay | 
Unless you have an approved credit 
account with us, all orders must be 
accompanied by the full payment, 
including VAT (where applicable) 
and postage and packing charges 
as stated under ''Parts 4 Books” in 
the Readers Services section. 
Payment may be made by cheque, 
postal order or ACCESS (in the lat- 
ter case, the order must go to the 
cardholder's address). Do not send 
cash through the post. Cheques 
and postal orders 
crossed and made payable 
ELEKTOR ELECTRONICS. 

If you live outside the UK, payment 
may also be made by Bankers Ster- 
ling Draft drawn on a London clear- 
ing bank, Eurocheque, US or 
Canadian dollar cheque. 

If you pay by Bankers Sterling 
Draft, make clear to the issuing 
bank that your full name and ad- 
dress MUST be communicated to 
the London clearing bank. 
Eurocheques should be made out in 
£ sterling and have the holder's 
guarantee card number written on 
the back. US and Canadian dollar 
cheques, as well as Eurocheques 
not made out in £ sterling, are ac- 
cepted at the exchange rate prevail- 


to 


Subscription rates 


United Kingdom (173 t6 MI £18.00 
Live. E... £16.50 
Erap e Ere = IAM SETS TEIL £22.00 
Outside Europe - surface mail ..... £22.00 
AIRMAIL: 

Middle East & North Africa ....... £28.00 
South East Asia rane ame IE £32.00 
Central & southern Africa ........ £32.00 
Central & South America......... £32.00 
URSA ET 7. 77 I TH £32.00 
Australia & New Zealand ......... £34.00 
Fa Past & Pantie ry ors oa. £34.00 


How to pay 

Unless you have an approved credit account 
with us, the order must be accompanied by 
payment in full. Payment may be made by 
cheque, postal order, ACCESS or VISA A/c: in 
the last two cases, the subscription must go to 
the cardholders’ address. Cheques and Postal 
Orders should be crossed and made payable to 
ELEKTOR ELECTRONICS. 

If you live outside the UK, payment may also be 
made by a Bankers Sterling Draft drawn on a 
London clearing bank, Eurocheque, US or 
Canadian dollar cheques. If you pay by Bankers 
Sterling Draft, make clear to the issuing bank 
that your full name and address MUST be com- 
municated to the London clearing bank. 


should  be| 








TERMS OF BUSINESS 


ing at the time your order is re- 
ceived: these cheques should be in- 
creased by the equivalent of £3.00 
to cover the Bank's negotiating fee. 


Delivery 

Whilst every effort will be made to 
dispatch your order within 2-3 
weeks from receipt of your instruc- 
tions, we cannot guarantee this 
time scale for all orders. 


Returns 

Faulty goods or goods sent in error 
may be returned for replacement or 
correction, but please do not return 
goods for refund without obtaining 
our prior consent. All goods re- 
turned should be packed securely 
in a padded bag or box, enclosing a 
covering letter stating the dispatch 
note number. If the goods are 
returned because of a mistake on 
our part, we will refund the return 
postage. Goods returned for refund 
must be in a resaleable condition 
and will be subject to a ten per cent 
handling charge, with a minimum 
charge of £1.50. 


Damaged goods 

Claims for damaged goods must be 
received at our Brentford office 
within 7 days (UK); 10 days 
(Europe), or 14 days (all other 
countries) from your receiving the 
goods. 


Cancelled orders 

All cancelled orders will be subject 
to a ten per cent handling charge, 
with a minimum charge of £1.50. 


Patents 
Patent protection may exist in 
respect of circuits, devices, compo- 


Eurocheques should be made out in £ sterling 
and have the holder's guarantee card number 
written on the back. US and Canadian dollar 
cheques, as well as Eurocheques not made out 
in £ sterling, are accepted at the exchange rate 
prevailing at the time your order is received: 
these cheques should be increased by the 
equivalent of £3.00 to cover the bank's 
negotiating fee. 

DO NOT include payments for other services: 
to do so will cause serious delays both to your 
subscription order and the other services. 


Subscription period 

The standard subscription order period is 
twelve months. If a permanent change of ad- 
dress during your subscription period means 
that copies have to be dispatched by a more 
expensive service, no extra charge will be 
made. Similarly, no refund will be made nor ex- 
piry date extended, if a change of address 
allows the use of a cheaper service. 


Change of address 
At least six vveeks advance notice is needed to 
ensure that copies reach the new address 
when required. Please enclose the address por- 
tion from your mailing wrapper when sending 
in your instructions. 


party advertisements) 











nents, and so on, described in our 
magazines or books. The pub- 
lishers do not accept responsibility 
or liability for failing to identify 
such patent or other protection. 


Copyright 

All drawings, photographs, articles, 
printed-circuit boards, EPROMs, 
and cassettes published in E/ektor 
Electronics (other than in third- 
are copy- 
right and may not be reproduced or 
transmitted in any form or by any 
means, including photocopying and 
recording, in whole or in part with- 
out prior permission of the pub- 
lishers. Such written permission 
must also be obtained before any 
part of these publications is stored 
in a retrieval system of any nature. 


Notwithstanding the above, 
printed-circuit boards may be pro- 
duced for private and personal use 
only without prior permission. 


Limitation of liability 

The publishers shall not be liable tn 
contract, tort, or otherwise, for any 
loss or damage suffered by the pur- 
chaser whatsoever or howsoever 
arising out of, or in connection 
with, the supply of goods or ser- 
vices by the publishers other than 
to supply goods as described or, at 
the publishers’ option, to refund 
the purchaser any monies paid in 
respect of the goods. 


Law 

Any question relating to the supply 
of goods and services by the 
publishers shall be determined in all 
respects by the laws of England. 


-—- SS eee 


GENERAL INFORMATION & CONDITIONS OF SALE 


Missing issues 

Replacement copies will be sent within reason, 
providing claims are received within two 
months (outside Europe & North America — 
three months) of the publication date of the 
missing issue. Requests for issues beyond this 
period should be addressed to the Back 
Numbers Department of ELEKTOR ELEC- 
TRONICS who will advise the cost of replacing 
the issues concerned. 


Cancellations 

Cancelled orders will be subject to a fee of 
2596 of the full subscription price (minimum 
£5.00) plus the cost of any issues already 
dispatched. Subscriptions can not be cancelled 
when they have run for more than six months. 


Miscellaneous 

Student applications must be supported by 
evidence of studentship signed by the head of 
the college, school, or university faculty. 
Please note that new subscriptions take about 
four weeks from receipt of order to become ef- 
fective. It is regretted that new subscriptions 
can under no circumstances be backdated. 













RACK ie CABINET 


4: Suitable for instruments, high quality 

strength and professional finish * Black anodised 

mounting plate, no fixing screws visible on thë e ni of the encesure TH 
panel is of brushed aluminium finish enhanced with two professional handles = 
lation slits and plastic feet * Rear box manufactured fram 1 7 : 

Rack mounting or free standing. Comes in quick assembly flat package 
Spare front panels available. 


Fixed Voltage 47uF 63V 1 O.OtaF 1004 
Regulatora : 47uF 100V 0.022uF 63V 
1O4F 35V E 0.047aF 100V 
!OuF 83V i 0. 1uF 63V 
22uF 100V : O.154F Gav 
1OQ0uF 1OV 3 OQ.33uF 63V 
1004F 164 : Q.A7uF 63 
100uF 25V : L.E.D'S 
1OGuF 5OV à Green 5mm 
1.C. Sockote 100uF 63V Orange. 5mm 
6 Way .05 | 220uF 10V Yellow: 6mm 
8 Way í 330uF !6V 3 Red 3mm 
14 Way 1 470uF 10V ° Green 3mm 
16 Way i 47Q0uF 50V Orange 3mm 
! 5 18 Way : 470uF 63V 6 Yellow 3mm 
TLO7ACP 3 - F i : 1000uF 10V : Project Kits 
Diodes i e !000uF 16V 27 | RS232 to Centronics 
1N4001 ; i Ni I 2200uF 16V Converter 
1N4003 j 107 : il iu : Kit Onty 18.40 
1N4005 5 | në 2 N "kr. Fede og | 280 Based Controller 
1N40D7 E Capacitors Redial 10HE 35V Board, áMhz 
1N5401 È 1 Lend A7uF 25V à Ki ‘ Only 20.45 
Zener Diodes 7 2.2uF 50V f 100uF 25V ^ Ultrasonic Tape- 
2V7 .AVE .Q t 2.2uF 83V b ATOuF 10V 2 measure {Display- 
AV " I 4.7uF 63V E 1000NF 10V i Module Extra] 
ANM j t 33yuF 16v j à Kit Only 23.52 
AV F 47uF 10V ; Motalised Polyester | Four Digit LCD- 
pin j à A7uF 254 £ 57.5mm Pitch Module for above 
ANM ] i 47uF 35V z 3.3nF 400w 08 [| Kit Only 14.30 





Order Code Panel Size Rear Box Weight Price 
WM (nc Wo H D Kg 
NME19101 19x 1.75 LL, LD 70) 2 23.50 
NME19103 193.5 TAZ 3.08170 {AS 24.50 
NME19105 19x5.25 15x3:0x TO. "NE 26.50 
3.3 
4.0 















NME19123 19x 3.5 17x 3.0x 12 25.50 
NME19125 19x 5.25 17x 5.0x 12 à 27.50 
NME19127 19x 7.0 17x6.5x12 4.6 29.95 


Please add £3.00 P&P for the first item and £1.50 for each additional item. To order send 
cheque/postal order. A new range of quality test equipment is now available at the lowest 
possible prices, e.g. digital power supply at £29.95. Customers who require further infor- 
mation please send S.A.E. Mail order only. Trade and overseas orders welcome. 


T.J.A. DEVELOPMENTS 
Dept. EK, 53 Hartington Road, 
London E17 8AS. 




















Mail or Telephone Orders Only Please To: 
Samuel Whites Estate, Bridge Road, Cowes, Isle of Wight, PO31 7LP 
Please Add £1 For 1st class Post and Packaging, and 1596 VAT to Total 
Stock Listing available soon, Please send SAE to be put on the mail list 
















D. P. HOBBS (NORWICH) LTD. 


13 ST. BENEDICTS STREET (G 3HEO) 
NORWICH, NORFOLK NR2 4PE 
Tel. 0603 615786 


Electronic component specialists 
Amateur radio equipment 
P /exchanges welcome — Access. B/Card 
Open 9 a.m. — 5.30 p.m. Mon. — Sat. 
Thursdays 9 -- Ip.m. 


45 ELECTRO SUPPLIES 








Deansgate Electronics 


We stock a large range of electronic components, 
test equipment, telephone accessories, computer 
accessories, microphones, mixers, meters, stylus, so 
call in and have a look around. 


263 Deansgate, Manchester 
Telephone: 061-834 1185 





























ELECTRONICS 
KITS & COMPONENTS 


13 BOSTON RD 
LONDON W7 3S] 
Tel. Orders: 01-567 8910 










Test Equipment, Computers, Peripherals 





also at SHAWCLOUGH ROAD, 













Enquiries: 01-579 9794 45 LOWER HILLGATE, WATERFOOT 
Shop Hours: Mon-Fri. 9am-5pm STOCKPORT, CHESHIRE. ROSSENDALE BB4 9JZ. 
Sat. lam-4pm. 061 477 9272 0706 - 215556 







SE VERË OMNI ELECTRONICS 


stock a wide range of electronic components at 


174 Dalkeith Road 
Edinburgh EH16 5DX 
tel: 031 667 2611 


situated midway between Commonwealth Pool and Cameron Toll 











* ELECTRONIC COMPONENT * 
* COMPUTER & SOFTWARE SPECIALIST * 


BRADLEY MARSHALL, 382-386 EDGWARE ROAD, LONDON W2 1EB 
Telephone: 01-723 4242 








GARLAND BROS. LTD 


Electronic Components Specialists 


eLECIARONICS LVC 






40 CRICKLEWOOD BROADWAY 
LONDON NW2 3ET 


SE8 40N , 
PETITE  Telephone: 01.692 4412 01-452 0161/01- 450 0995 TIx:914977 


210) N EX LID 102 CHURCHFIELD ROAD, ACTON, 
. LONDON VV3 6DH — 01 992 7748 L I HANNEY 
] ; e EJ 
Toko coils + filters + chokes and inductors + Ifts. 
Moulded coils linear TTL CMOS XTAL filters | 77 Lower Bristol Road, Bath, Avon. 
Helical and ceramic filters RF transistors Tel. 0225-24811 
Radio communication IC's Toko block filters Your electronic component specialist for Avon, 


Wilts. & Somerset. 
Not just a component shop but a whole lot more. Clesed Thursdays 
Trade & OEM atys. available ex stock. 






Chesham House, Deptford Broadway, London, 





























































NJE, AUDIO 
N HENRY'S bts TREE 
OrsnaiS px... 404 Edgware Road, London W2 1ED MN: read 
rev f don COMMUNICATIONS) COMPUTER (min 124 9 
Judge us by the company we keep — MUNICATIONS poses E Coler ep "t 







Siemens, Texas, National, Mullard, Leader, ITT, 
Global Specialities, Piher, Sinclair/Thandar, Greenwood, 
Arrow, Antex, Sifam, Vero, Motorola 


PROGRESSIVE RADIO 


THE ELECTRONICS SPECIALISTS' 
Aerials/Components/Ham & CB Radio — a fully comprehen- 
sive range. 

93 Dale Street, Liverpool L2 2JD. 

Tel. 051 236 0982 

Also at 47 Whitechapel, Liverpool. 

Tel. 051 236 5489 


Oj———— SECURITY 
OPEN 6 DAYS A WEEK: 01-724 0323/3564 


PLEASE MENTION 
ELEKTOR ELECTRONICS 
WHEN CONTACTING 
ADVERTISERS 






TV- 
; VIDED Aj dL PAD “AUDIO 
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1 BAKERS DOZEN PARCELS 


Price per parcel is £1,00, but if you ordër 12 
you get one extra free. 
Alt the parcels listed below are brand new components. 
Unless marked s.h. 
1 — 5 13 amp ring main junction boxes 
2 — 5 13 amp ring main spur boxes 
5 — 3 flush electrical switches 
7 4 in flex lire switches with neons 
8 2 80 watt brass cased elements 
9 2 mains transformers with 6v la secondaries 
10 — 2 mains transformers with 12v ‘2a secondaries 
11 1 extension speaker cabinet for 65" speaker 
12 5 octal bases for relays or valves 
13 — 12 glass reed switches 
14 4 OCP 70 photo transistors 
16 4 tape heads, 2 record, 2 erase 
T7 1 ultra sonic transmitter and 1 ditto receiver 
18 — 2 15000 mfd comoputer grade electrollics 
19 — 2 light dependent resistors 
20 — 5 different micro switches 
21 — 2 mains interference suppressors 
22 — 2 25 walt crossover units 2 way 
23 1 40 watt 3 way crossover unit 
28 — 1 6 digit counter mains voltage 
30 — 2 Nicad battery chargers 
31 1 key switch with key 
32 2 humidity switches 
33 2 aerosol cans of ICI Dry Lubricant 
34 — 96 x 1 metre lengths colour-coded connecting 
wires 
36 — 2 air spaced 2 gang tuning condensors 
37 — 2 solid diaelectric 2 gang tuning condensors 
38 -- 10 compression trimmers 
41 6 Rocker Switches 10 amp Mains SPST 
43 — 5 Rocker Switches 10 amp SPDT Centre Off 
44 - 4 Rocker Switches 10 amp DPDT 
45 — 1 24 hour time switch mains operated (s.h.} 
46 — 16 hour clock timeswitch 
48 — 2 6v operated reed switch relays 
49 — 10 neon valves - make good night lights 
50 — 2 » 12v DC or 24V AC 4CO relays 
51 — 1x 12 v 26 0 very sensitive relay 
52 — 1 x 12v 4C relay 
53 — 2 mains operated relays 3 » 8 amp changeovers 
55 — 1 locking mechanism with 2 keys 
56 — Miniature Uniselector with circuit for electric jigsaw 
57 — 5 Dolls House switches 
60 — 5 ferrite rods 4” x 5/16" diameter aerials 
61 — 4 ferrite slab aerials with LEM wave coils 
62 — 4 200 ohm earpieces 
63 — 1 Mullard Thyristor trigger module 
64 — 10 assorted knobs % spindles 
65 — 5 different thermostats, mainly bi metal 
66 - Magnetic brake — stops rotation instantly 
67 — Low pressure 3 level switch 
69 2 25 watt pots 8 ohrn 
70 — 2 25 watt pots 1000 ohm 
71 — 4 wire wound pots -- 18, 33, 50 and 100 ohm 
73 - 4 3 watt wire wound pots 50 ohm 
7/ — | time reminder adjustable 1-60 mins 
78 — 5.5 amp stud rectifiers 400v 
85 — 1 mains shaded ple motor #4“ stack — i shaft 
86 — 2 5" ali fan blades fit 4” shaft 
87 — 2 3” plastic fan blades fit '4” shaft 
88 — Mains motor suitable for above blades 
89 — 1 mains motor with gear box 1 rev per 24 hours 
91 — 2 mains motor with gear box 16 rpm 
93 — 4 11 pin moulded bases for relays 
94 — 5 B7G valve bases 


95 — 4 skirted BSA valve bases 

96 — 1 thermostat for fridge 

98 — 1 motorised stud switch (s.h.] 

101 — 12% hours delay switch 

103 -« 1 Gv mains power supply unit 

104 — | 4%v mains power supply unit 
1 


105 5 pin flex plug and panel socket 

107 — 5” speaker size radio cabinet with handle 

109 — 10%” spindle type volume controls 

110 - 10 slider type volume controls 

112 - 1 heating pad 200 watts 

114 = 1 1w amplifier Muilard 1172 

115 — Wall mounting thermostat 24y 

118 — Teak effect extension 5" speaker cabinet 

120 — p.c.b. with 2 amp full wave and 17 other recs. 

122 - 10 mtrs twin screened flex white p.v.c. outer 

132 — 2 plastic boxes with windows, ideal for interrupted 
beam switch etc. 

155 — 3 varicap push Button tuners with knobs 

188 — 1 plastic box, sloping metal front, sizelë = 95mm, 
average depth 45mm 

241 — 1 car door speaker {very flat} 6'2" 15 ohm made for 
Radiomobile 

243 — 2 speakers 6" x 4" 15 ohrn 5 watt made for 
Radiomobile 

266 — 2 mains transformers SV ZA secondary split primary 
so OK also for 115V 

267 — 1 mains transformer 15V 1A secondary PCB 
mounting 

330 — 2 6v-0-6v mains transformer .3A p.c.b. mounting 

350 — 40 double pole leaf switches 

365 — 1 7uf 660v 50hz metal cased condenser 

453.2 — 2'4 in. 800hm loudspeakers 

454.2 — 2% in, 8ohm loudspeakers 

463.1 — mains operated relay with 2 sets c/o contacts 

464.2 .- packets resin filter/sealer with cures 

465.3 — 5A round 3 pin plugs will fit item 193 

466.4 — 7 segment l.e.d. displays 


470.4 -~ pc boards for stripping, lots of valuable parts 

A731 — 5" 4 ohm speaker with built in tweeter Radio 
mobil 

480.1  — 3A double pole magnetic trip, saves repairing 
fuses 

498.4 — 1000uf 25v axial electrolytic capacitors 


TELEPHONE BITS 


Master socket (has surge arrestor — ringing condenser etc) and 


zo. mT- £3.95 
uL SUVS UN MER S Ee DE ECCO ee. D 1 £2.95 
Dual adaptors (2 from one socket] ....... liii iiis. £3.95 
Cord terminating with B.T. plug 3 metres... ............. £1.00 


Kit for converting eld entry terminal box to new B.T. master 
Socket, complete with 4 core cable, cable clips and 2 BT 
tl, cesis £11.50 


COMPACT FLOPPY DISC DRIVE EME-101 

The EME-101 drives à 3" disc of the new stardard which despite 
its small size provides a capacity of 500k per disc, which is 
equivalent to the 54" disc. 

We supply the Operators Manual and other information showing 
how to use this with popular computers: BBC, Spectrum, 
Amstrad etc. All at a special sníp price of £27.50 including post 
and VAT. Data available separately £2, refundable if you purchase 
the drive. 








EVERLASTING BATTERIES! welt not quite, but if you don't switch it 
on, the lithium battery has an almost indefinite shelf life, which makes 
it suitable for emergency, standby & similar applications, also for quartz 
clocks and instruments that draw only microscopic currents. The 
hthium battery we have is 3y and about ës big and thick as 2p coin. 
Price 2 for £1 rof BD558. Note these plug into Dil socket our ref 
BD553. 


3 POLE MODEL MOTOR wiil operate from as low as 1.5v and speed 
will increase steadily as thë vortage ts increased, at 9w however a 
governor takes over and the speed remains constant an ideal motor 
for modes. Size approx 28mm = 40mm casily reversible and with good 
length spindle. 60p cach our ref BM30. 


CASSETTE STEREO TAPE HEADS with mounting brackets and with 
lape guides pars, one record/playback and the other erase. £1 pair ret 
BD541. 


OPTRO INTERRUPTER consists of a IH emitter mounted close to 
light dependent resistor when light or IR is interrupted the change of 
resistance can be made to syvitch or operate a relay usefut for 
counting, motor stopping eto. Price 2 for £1 ref BD545. 


VENNER TIME SWITCH 
Mains operated with 20 amp switch, one on 
ard onc off për 24 hrs repeats daily 
automatically correcting for thë lengthening 
or the shortening day. An expensive time 
swatch but you can have it for only £2.95 
without case, metal case - £2.95, adaptor 
kil to convert this into a normal 24hr. time 
swich but with the added advantage of up 10 
a 12 on/offs për 24hrs. This makes an ideal 
Ex-Electricity Board.  çontroller for the knrnërsion heater. Price of 
Guaranteed 12 months. gdaptor kit is £2.30 


12 volt MOTORS BY SMITHS 

Made for use in cars, etc. these are very 
powerful and easily reversible. Size 39" 
long by 3'dia. They have à good length of 
4" spindle 

1:10 hp £3.45 

VB hp £5.75. 1/6 hp £7.50 


: SOUND TO LIGHT UNIT 


Complete kit of parts for à three channel sound to light unit controlling 
over 2009 watts of lighting. Use this at home if you wish but ir is plen 
ty cogged enough for disco work. The unit s housed in an attractive 
(wo tone metal cage and has controls tër each channel, and a master 
on:off, The audio input and output are by 4” scokets and three panel 
mounting fuse holders provide thyristor protection. A four pin plug and 
socket facilitate ease of connecting lamps. Special price ts £14.96 in kit 
form. 


This Month Snip 


9" VDU OR MONITOR ideal to work with computer or video 
canterà uses Philips black and white tube ref M2: 360ye. Which 
tube is implosion and X Ray radiation protected. VOU is brand 
new and has a urne bases and EHT circuity. Requires only a 16v 
dc supply to set it going. Its made up in 8 faquered metal frame 
work but has open sides so should be caseo tit you are handy 
with à drill and file you could make a case out of two of our 6%" 
speaker cabinets]. The VDU comes complete with circuit diagram 
and has been line tested and has our six months guarantee, Of- 
fered at a lot less than some firms are asking for the tube alone, 
only £16 plus £3 post. We also have some that failed the line 
test, again brand new but offered without guarantee at £8 plus £3 
post. We do a kit for the 16v 2a psu to operate this monitor. 
Price is E3 our ref 3P26. 





SLIDE SWITCHES Sub miniature size only 10mm x 
pole change ovër or on/off, Price 5 for £1 ref BD553. 


LOW VOLTAGE RELAY OMRON 3.5v coil, plug in di! sookëls, ba c/o 
contacts. Brand new offered at a silly price 2 for £1 ref BD548. 


4mm single 


POLARISED RELAY depending upon its direction dc current as low 
14 Ma makes this open circuit, so it could bë used to protect delicate 
instruments or as on Carth leakage, or reverse voltage trip etc. 2 for £1 
rel BD549 


SLOTTED OPTO SWITCH infra rëd emitter ond sensor mounted in 
stotted moulding, so that the emitter beam when broken makes a con 
tactless switch, can be used in electronic ignition, speed sensing etc 
etc. Price 2 for £1 ref BD545. 


24Hr TIME SWITCH Beautifully made with West German precision. 
Just under 4" square with [samp c/o contacts can be set anywhere 
around 24hr dial to the nearest 15 mins also with a over-ride switoh. 
Ref 8P6 but hurry we have only 300. 





COMPUTERS the Acorn “Electron” às used in many schoots for 
games and serious Jobs. Works into colour or Black and White 
T.V. Proper price was £199, our Price, tested and working £45 + 
£3 post, tested but slightly faulty £36 + £3 post and lastly tested 
but not working £20 + £3 post, all are néw and complete 

with mains P.S.U,, 300 page handbook, TV lead, and starter 
cassetto Full range of Software also in stock at very low 


prices. | 


TELEPHONE LEAD 3 mtrs long terminating one end wilh rew BT, 
ffat plug and the other end with 4 correctly coloured coded wires to fit 
to phone or appliance. Replaces thc lead on old phone making it 
suilable for new BT socket. Price £1 red BD552 or 3 for F2 

rof 2P 184. 








POWERFUL IONISER. 


Generates approx. 10 times more IONS than thë ETI and similar 
circuits. Will refresh your home, office, shop, workroom etc. 
Makes you fee! better and work harder — a complere mains 
operated kit, case included. £9.50 + £2 P&P. 


J & N BULL ELECTRICAL 
DEPT. EL, 250 PORTLAND ROAD 
HOVE, BRIGHTON, 

SUSSEX BN3 5QT 


MAIL ORDER TERMS: CASH, P.O. or cheque with order. Orders 
under £20 add £1 service charge. Monthly account orders accepted 
from schools and public companies (min. £20). Access & B/card orders 
accepted Phone Brighton (0273) 734648 or 203500. 








NEW ITEMS 


Some of the many described in our current list whicn you wal receive wilh 
your pares 








f2 POUNDERS 

2P120.1 combed clockwork switch and thermoslat for hoiler control 

2P122. 1 30 rotary switch, surface mounting with pointer knob 

2P 123. 1 2tsp rotary switch. surface mounting, cover engraved, high, 
metum, law and oh 

2P124. 1 Z5kv Goma block condenser 

2P127.] 30a bridge rectilier assembly on heat sinks 

2P129.1 lürgrmn motor 115v so supplied with adaptor fer 2304 

2P131.1 Crouzet motor 230v fits the Crouzet Gearboax 

2P132.1 ceding heat siat for fire warning or protection 

2P 133.1 Circuit breaker 2a, Crentiee rat C50 

2P 134.1 Sy 509mA psu. plugs into 13a socke! 

2P 135. 10m 10 conductar ctercom cable 

2P 136. 1 2 kw, element made for tangent! blowers 

2P 137.1 Thermo coupié, staiiess steel tipied for messuring internal heat 

2P 138. | Mains transformer 20.-0-20y la «prighr mounting 

2P141.1 rechargeable banery D size |4 AH} saide; tag ended 

2P142. 10m 4 pair :ntercom cable White PVC outer 

2P 144.1 mains operated relay wth 4 « Ba cio donim 

2P 145, 1} 10,000 uf 70v dc smoothing ce pasimi 

2P 146.1 7,800 uf 150v d.c smoothing capacitor 

2P147.! 10 vë 100ahm Ine matching transdormer 

2P148.1 Technical information on 3" FDD refundabie if you buy fda 

2P149.5 diff battery operated model mators 

2P 1959. 1 PSU chassis with all components fer 24v 2A uc unwered 

2P 151.1 Metal box 14% x 14 x 4 with lid add £2.00 post 

2P 152.1 Motor start capacitor &)uf 250v 

2P153. 1 Two station intercom unused but Ime reject 

2P 154a! Nicad chërgër — plug into 13a socket 5.2v JUA output 

2P 154b! icad charger — plug into 13a socket Bv SVA output 

2P155. 1 Mains transformer giving 16, 17, 18 & 20v bor 

2P158.1 Oven thermostat with temp calibrated knob 

2P158.1 Sv 559ma cased with mains lead ard output lead 

2P 160. 1 13a plug adator fused takes 3 < 13a plugs 

2P 461.1 6” diagonal side cutters 

2P 162. 1 Stereo Matrix PCB mounting deemphasis K35 

2P 163. 1 AC Working capacitor 12u* 68Qv AC ar 1SO0v dc 


2P163a1 AC Working capacitor 14uf 350v AC or 809v dc 
2P 164 3 Phone leads 3 mus ‘ong tags cre end B.T. plug other end 


£3 POUNDERS 





3P7. | DC voltage, doubler or hawer for 12v ta 24v 12 to Ov 24 lo 12v 
3P8. 1 2áhr v me switch Sangamo, new conditam Guaranteed 1 year 
aus m 12v 500mA psu plugs in 13a socket 
3P19. 1 Mains tansformër 504 2A with 6.3 pilot light winding, upright 
mounting, fully shrouded 
3P13. 1 Noise filter to fit -n mains lead of appliance up to 25a 
Sp. Hl waterproof casé will take 200 watt transformer 
3P!6. 1 Signal box, 3 lamps on face plate of metal box sizé 
2 Fe 
ari. | cheke and starter ta werk 8” fluorescent tube at 125w 
3P18. 1 22v 3a mains transformer with bnoge rect filtee on top panel 
3P20. 1 0-5a ammeter 3 at dë ex equipment 
3P27. 1 power factor correction condenser 35uf J50ac 
3P22. ! Js ^ auto tanstormer 230 to 115v torroidal encapsulated 
£1.59 past 
3P23. 1 36y-0-36v tapped 204-020. Milva 
3P24, 1 3" f'appy disc for amstrad etc 
3P25, 1 7" Electricians pliers 


fa POUNDERS 
4Pii. 1 Car Radio aerial 


áp!2. 50m ‘ow loss coax- 7Sohm + £1 gost 

4P13. 3 Hortsman Ume and set switches Samp 

4Pi4. 1 150s moins transformer "c" core 43v 3.5A secondary 

4P15. ! mosverlui motor 2" stack fitted with gearbox final speed Goran 
mains operated could operate door opener etc” 

APTZ. 1 Uniséiector 3 pole 25, 50Y coil standard size 

4P18. 1 Volt meter with digital display (DIGIVISOR} 

4P19, 1 12v de motor will fit te gearbox 4P20 

4P20. 1 Gear train giving speed reduction 


£5 POUNDERS 





5P86. 1 Transformer upright mounting 230. 246v primary 2 v 100 la 
secondary. 

5PB88. 1 Wwansformer in waterproof melal box 24y ba. add [2 post 

5PB9. 1 4 bank heating element each 2kw ideal convocior heater 

5PS). 1 18" long tangential blower with motor at one end 

SP91, 1 14 blower, motor in middle 

5P92. 10m Audio co-ax double screened 75ohm super low loss for T.V. 

5P93. 1 6'' alarm bell 24v dc or ac 

5P94, T Current transformer 144 out with lë dc input 

5PS5. Vintage photo cel 

SP97 1 impedence matching transformer 0.4. 5-8-160 obm 109 add 
[159 post 

5P9BA. | 0.90a ammeter for mounting outside control panel 

5P98b, 1 (180a ammeter for mounting outside control gare! 

grow 1 tans operated blower centrafugal output size epp 5" » 125" 

5P 102. 1 amns splitter 45a switch 3 « 15a fused circuits 

5P 101. 1 Wradel motor 1 rpm from 6v reversible 


£7 POUNDERS 


TPEP T Instant heat so:der gun — mains with renewable tip and job ight 


£8 POUNDERS 


8PT, 1 Charger transformer 10a upright mounting 230/240 primary 16v 
10a secondary 
8P2. 1 6" undércome alarmbe: suitable for a fire alarm or burglar 


arm mans operated. 


8P3. 1 heat sink big powerful so imeal for power transmitter 

BPS. TT 44, hip motor 800 rpm m capacitor run 

BP6. 1 24hr ume switch = 2 on offs 16a c/o contacts 3° s 3” x V^ 
BP?7. 1 Stent sentinel invisible ray kit 

SPB. f Papst fan 3 v 3%, x 1% 230v metal bodied 


£10 POUNDERS 


TOP 13, ! revers Dle motor with gearbex Tüdrpm Parvalux 

10P 14, 1 100a time switch ! on/off per 24hr extra triggers £3 pair 

10P 15. 1 Mas demand meter 230 AC mains 

10P 16. 1 powerful ar mover 2 sna type blowers with motor in midole 

1OP 18. 1 mains operated klaxon 

1OP 19. 1 12v alarm bell reallyloud, mains operated, in iron case + £5 post 

10P2!. 1 super meld! box size 19° » 20" x 7'" deep lockabit + E3 post 

10P 22. 1 sënsitbe volt meter relay 

10P23. 1 fruit machine heart 3 fruit wheels each stepper motor operated 

19P24. 1 [ug panel meter face size 4% x 2 Y; 200UA movement scaled 1-10 — 

TOP25. 1 100s audio transformer 50-0-50vy primary E afm secondary 

VOP26. 1 ‘Secretary’ phone auto-cialler compivte untested sold as such 

10P29.1 12v engine cooling fan 

1OP30. 1 mstrument psu on pcb bas 4 outputs .12v/ .5v bat 12v baj Sy 
SA. * 

10P31. 1 7 day me switch 16a co contacts sep switches for each day 

10P32. 1 68 rom 1/6th hp motor reversible 


f15 POUNDERS 


I5P!. 1 kut for 115w hi fi amp 
13P2. 7 kit for psu to Suppiy one or two 15P1 amps 
PS 1 tme switch battery or trains operated - 16a c/o contaets, 


7 day programmable has 36hr reserve 


£25 POUNDERS 


Z5P!. 1 1509 PSI hydraulic pump 24v dc motor, made for operating am- 
craft under carriage ntc. 


LIGHT CHASER KIT motor driven switch bark with connection 





diagram, usët in connecuon waith 4 sets of X-mas tights makes a very 
eve catching display for home, shop or disco, only E5 ref 5P56. 





LINSLEY-HOOD 
SYNCHRODYNE AM RECEIVER 


"y heqi quality kit for this recent design featured in "Wireless World”. Ad- 

«d construction system, approved by the Author, uses 3 double sided 

PCBs in a stacked layout for total stability, ease of construction and 

"mal wiring. This module will form the AM section of an ultra high qual- 

ty AMUFM switched bandwidth tuner to match our 300 series amplifiers. 
Power supply and tuning gang will be included with the FM section. 

X450 JLH Synchrodyne Kil Special Prite............... E65.90 








VFL600 VERTICAL FRONT LOADING 
CASSETTE MECHANISM 


This latest addition to our range fullils the need for a reasonably priced 
front loading cassette mechanism. This unit comes complere with stereo 
RIP and erase heads having standard mountings so that they may bc 
exchanged for others in our range of heads if required. The mechanism also 
has a J-digit counter, chrome operating keys, mechanical auto stop ind a 
removeable decorative cassette door with central window and key func- 
nona marked below. Cassette door/carrier has a hydraulically damped ‘soft 
eject’ feature. Motor is internally governed and only needs a 12v DC supply 
with an average current of 80më. Overall size 160mm wide including 
counter, 100mm high and 85mm deep including motor and keys. A robust 
and thoroughly useful deck for many purposes. 

VFL60O Verticat Front Loading Cassette Deck... e... £24.30 


ELEKTOR PCBs 
KITS AND COMPONENTS 


From this month we are offering PCBs kits and components for the ex- 
cellent designs in ELEKTOR. All kits feature highest quality compo- 


separately later. 


nents and the correct Euro capacitors for exact fit on the boards. We 
are gradually building up a range of components and wil offer these 


Kits consist of all components to mount on PCB unless otherwise 


OCTOBER 1987 


stated. 


SSB Adapter PCB 87662. £3.36 
Kit 87662K E2.25 

Kit includes all PCB mounted 

components except the coil 

former. See our list for offers on 

this. 

RIP Amplifier. PCB 87486 £3.76 
Kit B74B6K £6.B4 


4-Track R/P Head. HO551 £14.60 
Low Noise Mic Amp. 


PCB B7O5B .......... E3.45 
Balanced version 
Kit. BZOGBKI......... E11.16 


Unbalanced. B7058K2 .. £5.62 
Both kits include the correct E96 
range resistors and NE5534 ICs. 





GOLD PLATED AUDIO CONNECTORS 
We now stock a range of ultra high quality audio connectors for the 
discerning enthusiast. The range includes chassis, cable and PCB 
mounting sockets with a wide selection of plugs to suit. Full details on 
our lists. 


400 SERIES LINSLEY-HOOD ULTRA HIGH 
QUALITY AUDIOPHILE AM/FM TUNER SYSTEM. 


Now available, the complete kit with the companion FM tuner to ga 
with the Synchrodyno AM receiver. This kit offers the discerning 
enthusiast the chance to get the ultimate sound quality possible from 
both AM and FM broadcasting systems. This is made possible by 
having completely separate receivers, both of which use new and novel 
circuit features to enhance their audio performance. The kit combines 
the ultra high quality FM tuner and stereo decoder from “Electronics 
Today International with the Synchrodyne AM receiver from 
“Wireless World", cased to match our 300 Series amplifiers. To 
simplify construction the FM section uses a ready built pre-aligned 
front end. The phase locked loop demodutator/IF stage having a 
response down to DC and advanced sample and hold stereo decoder 
together make a tuner which sounds superb, but thanks to the 
ingenious double sided PCB layout is easy 1o build and totally stable. 
The Synchrodyne AM section with it's selectable bandwidth provides 
the best possible results from Long and Medium wave channels, so 
necessary in these days of splt programming. Build any one of four ver: 
sions up to the full AM/FM model, with any unit being upgradeable at 


any time 
K400FM FM Oniy Tuner Kit .. £134.61 
KAOOAM AM Only Tuner Kit .. £147.87 


KA4GUFM/A FM Only Adaptable 
Bs he PEN, £139.96 
KAOQAMIFM Full ANUËM Kit . . £205.92 


STUART TAPE RECORDER CIRCUITS 
Complete stereo record, replay and bras system for reel-to-reel recorders. 
These circuits will give studio quality with a good tape deck. Separate sec- 
tions for record and replay give optimum performance and allow a thurd 
head monitoring system to be used where the deck has this fitted. Stan- 
dard 250yv input and output levels. 

Full details are in our lists. 
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HIGH QUALITY REPLACEMENT 


CASSETTE HEADS 


n 


an 7 e 
3 E Es ea 
Alm 35. 


Do your tapes lack treble? A worn head could be the problem. Fitting one 
of our replacement heads could restore performance better than new! 
Standard mountings make fitting easy and our TCI Test Cassctte helps you 
set the azimuth spot-on. We are the actual importers which means you get 


' the benefit of lowér prices for prime parts. Compare us with other suppliers 


and see! The following is a list of our most popular heads, all are suitable 
for use on Dolby machines and are ex-stock. 


HC20 Permalloy Stereo Head. This is the standard head fitted as original 
equipment on most decks ............ £7.66 
HS16 Sendust Alloy Super Head. The best head we can find. Longer 
lite than Permalloy, higher output than Ferrite, fantastic. frequency 


response . . £14.86 
HQ551-4-Track Head for auto- reverse or  quadrophonic use. Full specifi- 
cation record and playback head...... ............. .. . . £14.60 


SM166 Standard Mounting 2/2 Erase head. Compatible with above or 
HO551 4 Track head.... . . ani. £5.90 
H524 Standard Erase Head. Semi double gap, high — E 25 


H561 Metal Tape Erase Head. Full double gap.......... £7.35 
HX100 Special Offer Stereo R/P Heads................. . £2.49 
HRP373 Sendust Alloy Stereo Combination Head ..... £38.60 
HRP373 Technical specification ..... Dod ced .. Yop 
H59510 2/4 Stereo DC Erase Head .............. . ... ... E6.70 


HQ751E 4/4 Erase compatible with HQ551.. . . 


HART TRIPLE-PURPOSE TEST 
CASSETTE TC1 


One inexpensive test cassette enables you to set up VU level, head azimuth 
and tape speed. Invaluable when fitting new hcads. Only £4.66 ptus VAT 
and 50p postage. 


Tapa Head De magnetiser. Handy size mains operated unit prevents 
build up of residual head magnetisation causing noise on PRSE E4.54 
Curved Pole Type for inaccessible head . ... .... . ... . £4.85 


send for your free copy of our LISTS Overseas please send 2 1RCs to cover 
surface Past or 5 [RCs for Airmail. 
Please add part cost of post, packing and insurance as follows: 


OVERSEAS 

Please send sufficient to cover 
Surface or Air Post as 
required, 


INLAND 

Orders up to (10 — 50p 
Orders C10 to (49 — ET 

Orders over (50 £1.50 














Reprint of Original Articles 


.. £1.30 no vat. 









Personal callers are always very welcome but please 








Portable power 
cleaner 

protects micros 
and instruments 


Roxburgh Suppressors’ Port- 
able Power Cleaner is a low- 
cost device which has been de- 
signed to prevent mains power 
surges from damaging sensitive 
electronics like computers, 
digital or analogue instruments, 
microprocessors and other 
equipment. . 

Suitable for use industrially, in 
the office, laboratory or 
workshop, the PPC is connec- 
ted between the mains and 
equipment requiring protec- 
tion and can be rated at 2 or 6 A, 
depending on the application. 
It is housed in a tough plastic 
case, 145mm x 75mm x 
50 mm, and is supplied ready to 
use with a 2cm cable set and 
moulded 13 A plug. Options in- 
clude American and continen- 
tal sockets and cable sets. The 


note that we are closed all day Saturday 


FALEO 





standard unit costs from £23.00. 


Roxburgh Suppressors Limited 

Haywood Way 

Ivyhouse Lane 

Hastings 

East Sussex TN35 4PL. 

Telephone: (0424) 442160 
(3662:5:F) 


24 Hour Sales Line 
(0691) 652894 
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Wire identifi- 
cation system 


Cablehound-II is a two-mode 
identification system. It can 
automatically identify any wire 
in a multicore cable and allow 
an operator to find a selected 
wire — simply by touching it. It 
is now available from Cable 
Check of Gosport. 

The unit has wide applications 
potential as a production, test 
and repair aid. The destinations 
of individual wires in looms can 
be traced. In cabinet wiring 


cable schedules are used to 
identify the source or destina- 


tion of a wire, its number being 
displayed. 

A dry battery power source 
gives the unit portability, it also 
provides isolation. from the 
mains. To reduce the cost of in- 
terfacing the 50-way sockets fit- 
ted are compatible with 3M 
ribbon cable. Cablehound II is 
supplied with a wrist strap and 
metal probe. Battery life with 
normal use is over one year. A 


PLEASE ADD VAT 
TO ALL PRICES 










300 mm 50-way ribbon-cablle 
can be supplied to interface 
with the necessary connector 
for the application. Two would 
normally be required. 


Cable Check Systems 

Sanderson Centre 

Lees Lane 

Gosport 

Hants POL 3UL. 

Telephone (0705) 528396 
(3662:11:F) 
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c 7 ASSIFIED ADVERTISEMENTS 


ivertisements are accepted subject to the condi- 
tions appearing on our current rate card and on the 


e een 
the British Code of A g Practice. 

The Publishers reserve the right to refuse or with- 
draw any advertisement. 
Although every care is taken, the Publishers shall 











UR clerical or printer's errors or their 
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pence | per word (minimum 12 words). Semidisplay 
setting £10.00 per single column centimetre (mi- 
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ELEKTOR 
ELECTRONICS 
BINDER 





advertisers index 


Audiokits Precision Components ..... 10 
Bi-Pak Semiconductors ............ 4 
J & N Bull Electrical sci na Ls 76 
Crestbéatm ss osse XR RR S Sed 4 
Cricklewood Electronics ........... 12 
Display Electronics ............... 74 
Falcon Electronics za vd quee vx që së CS 78 
Fuselodge: «us Sul te eee Re EXC eR ER 11 
Grañdata zc en oen rt or i ROC SPD ns 8 
Greenweld Electronics ............ 10 
Happy Memories ................ 10 
Hart Electronic Kits .............. 77 
Jasp International................ 78 
Jaytee Electronic Services ......... 9 
KEVITONICS: Seb oL we de E eas 79 
Maplin Electronic Supplies ......... 80 
Matrix Systems ................. 4 
MIGKOKIE 2 rur Punë ese peu së e a 78 
Sherwood Data Systems........... 9 
Stewart of Reading............... 8 
Technomatic «us qu da 285 
The Scientific Wire Company ....... 78 


T.J.A. Developments .............. 73 | 


MENS. TK Electronics ;- eh reap RES 8 
kon e Sh CE © pinë This cassette style binder will help to | | T-Systems Ltd .................. 78 
Great West Road e BRENTFORD Tae DEW e. keep your copies of Elektor Electronics Universal Semiconductor Devices .... 75 
England clean and in order, even though you Watford Electronics ............ 6&7 
o refer to them time and time again. | | Stan Willetts ................... 12 

€ Because no wires or fastenings are | | Xen Electronics ................. 73 
DELUXE WALKIE TALKIES 49MHZ, LONG RANGE | used copies can be easily removed and Zenith Electronics ................ 12 


SATISFACTION OR REFUND. £24.99/PAIR (NOR- 
MALLY £31.49). SEND £3 NOW, PAY BALANCE UPON 
RECEIPT. 48HRS DELIVERY. XENON (Dept ELE11), 
24 WHARNCLIFFE STREET, BARNSLEY, YORKSHIRE. 


replaced and each cassette will hold x 
one year's volume of Elektor Elec- 
tronics. 


Price: £2.95 + P&P 
(See READERS SERVICES) 
Please use the Order Form in this issue. 


NEW 
ZERO INSERTION FORCE 
CONNECTORS 
New design-High quality Low cost-Tin or 
Gold plate 24,28,40-way e.g. 24T:£4.75. 
Audible + Visual continuity tester, probe 
currént O.Ima 50gm, incl batteries. £9.85. 
P&P £1.00. Other items, SAE for list to : 


& DIY SPEAKERS 


= Séad for our FREE price list 
PL17:all we ask is a large S.A.E. 
(24p stamp) (Overseas U.S.$2 bill) 


(Europe — 2 International reply coupons) 


SYSTEM DESIGNS (Total Kits): 


Falcon 


THE SCIENTIFIC WIRE COMPANY 





JASP INTERNATIONAL 14 Tudor Close, nr e 450 Focal. KEF ; 
Wokingham, Berks RG11 2LK. Tel 01 5 1568/7x 294386 SWC G D eal Constructor Series, etc. 
(TLX: 8490219) RIVE UNITS Focal, KEF, Audax, 
Trade enquiries welcome. ENAMELLED COPPER WIRE Celestion, Coles, Peerless, Seas, 
SWG tib Boz 402 2 oz Siare, Scanspeak, etc. 
MR ae s F 22 San ie s Also Group/Disco Units 
So CE an oh ah alice mend ait iret a 1.90 401043 6.00 3.20 2.25 1.61 CROSSOVER NETWORKS = 
3.5" DS unbranded ................. 1.20 44 to 47 867 5.80 3.49 2.75 Active & Passive Components, 
5.25” 96 tpi DS, unbranded........... 0.38 48 Len aan SS iB Accessories, Polypropylene Caps. 
RIBBONS SILVER Ee E BR ; i 
Imagewriter ....... 2.65 Cannon PW 1080A 2.69 141030 909 520 293 1.97 "per EE OUR SU ecd SVICE: 
Citizen 120D ...... 3.50 Citizen MSP 10... 4.90 TINNED COPPER WIRE /KEF PL301 
Epson MX/RX/FX80 . 2.60 Epson LX 80/86 .. 2.50 14 to 30 3.97 241 1.39 0.94 Units, Networks & Components 
Epson MX/RX/FX100 3.10 Kaga Taxan ..... 2.69 Fluxcore Full details from 


5.90 3.25 1.82 0.94 
Post free. Please add VAT at 1596. Orders under £3 add 50p. 
SAE for list of copper and resistance wire. 


Dealer enquiries welcome. 


Solder FALCON ELECTRONICS 


(Dept. EL) Tabor House, Mulbarton, 
Norfolk NR14 8JT 
(Proprietors: Falcon Acoustics Ltd.) 


Please add 1596 VAT, carriage free 
T-Systems Itd 


The Signal Cabin, 61 High Street, 
Orpington, Kent, BR6 OJF Tel. 0689 22196 
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MEMORIES 

DRAM 5V NMOS 
64K x T 
256K x 1 
18K x 1 

41464 64K x 1 


SRAM 5V NMOS 
QUMP — 2X8 — (2 dvertisements are expected to conform to rules and standards 
SRAM 5V CMOS A laid down by the Advertising Standards Authority. Most do. 
pees: Gk ag: 262 40 The few that don't wed like you to write in about. 
Tero at i al And if you'd tike a copy of these rules for press, poster and 
cinema advertisements, please send for our booklet. It's free. 


EPROM dd NMOS 
The Ad Advertising Standards Authority. 
ADD VAT 15% ORDERS UNDER £25 ADD £1 P&P OVER £25 POSTAGE FREE 


We're here to put it right. 
ORDERS DISPATCHED SAME DAY BEFORE 3.30 PM — mës ae X" 
DEPT (E11) 18 KOLDERMEADOW Av CORBY NORTHANTS NNI18 9A] ASA Ltd., Dept. Y. Brook House. Torrington Place, London WCIE 7HN. 


TLO74 





SAVE OVER 4096 ON OUR 
EX EQUIPMENT MEMORIES 
AND EPROMS 

1000's of delighted 
customers 
GUARANTEED UV 
ERASED AND TESTED 
4116 16K x 8 £0.75 
EPROMS 
2K x B 
AK x 8 
BK x 8 £1.20 B 
16K x 8 £2.50 8 
All taken from working x 8 
boards. Try some. You will x 8 
SAVE POUNDS EFËF 27512 512K x 8 


£1.50 


£1.50 £2.70 


£2.65 
£2.45 
£2.70 
£3.75 
£9.70 





AEE E BB 








mu — “—— 


ELMASET INSTRUMENT CASE 
300 x 133 x 217 mm deep £10 ea «£2.20 


REGULATORS 

LM317T PLASTIC TO220 variable ...... £1 
LM317 META. e rr che oo de ee në £2.20 
7812 METAL 12V TVA. scene ERRORES £1 
7805/ 12/15/24v plastic .... 50p 100+ /27p 
7905/12/15/24 plastic ..... 50p 100+ /27p 
CA3085 TO99 variable reg............. £1 
LM338 5A VARIABLE .............. £5.00 


COMPUTER ICS 
Used EPROMS are erased and verified 


68008 Processor Ex-eqpt............ £5.00 
27128-25 NEW oe ate Cert £2.60 
27256-30 D SBD «x sax 5 Re eee RE £2.50 
2764-30 NEW ................. ll. £2.00 
2732-45 USED ......... £2.00 100+ / £1.50 
2716-45 USED ......... £2.00 100 + /£1.50 
T EPROM EX EQPT ............... £5 
TUS EN .EOPT 60p 4116 EX EQPT .... Z0p 
S P-T5 Sk static ram ........:... £2.80 
b 21 T C5517AP- vif EDD PE £1.50 
BS ETCESBI7AP) ................ £1.50 
EE NEAN e o ese à RAI £3.50 
SURFACE MOUNTED TRAN- 
SISTORS 
BCW30 BCW31 BCW72 NTAV70 152836 
min DO CY DC be od fd a ey Er so ro 100/ £2.50 
POWER TRANSISTORS 
2SC1520 sim BF259......... 3/£1 100/£22 
TIP141/2 £1ea TIP112/125/42B ...... 2/f1 
TIP35B £1.30 TIP35C eic wks £1.50 
SE9302 100V 10A DARL. SIM TIP121 2/1 
2N3055 EX EQPT TESTED .......... 4/£1 
PLASTIC 3055 OR 2955 equiv 50p 100/£35 
2N3773 NPN 25A 160V ...... £1.80 10/£16 
QUARTZ HALOGEN LAMPS 
A1/216 24V 150 WATTS ........... £2.25 
H1 12V 55W (CAR SPOT) .......... £1.50 
MISCELLANEOUS 


Miniature co-axial cable RG316U 

e bud ede Mete d £0.50/ metre 
Olivetti logos calculator keyboard (27) key 
plus 12 Digit fluorescent display on driver 
board lie calculator less case, transformer 
and Printer ess saspe ciem Seeks £1.30 
Plastic Equipment case 9x6x 1.25” with 
front and rear panels containing PCB with 
eprom 2764-30 and ICS 7417 L 530 LS32 LS74 
LS367 LM311 7805 Reg. 9 way D plug, push 


button switch, din socket... ........ £1.90 
BBC PRINTER LEAD 26 way IDC to 

CENTRONICS plug got dë de Y që Bees £3.50 
COMPUTER LEADS 5 metres CO-AX to 
PHONO o rara aco oed rapti det do dde Us e opa £1 


SMALL MAINS MOTOR + GEARBOX 1 
Rev/24 Hours with 2 changeover switches 5A 


SON Ld iss s ter ves. 555 inch uebi S 9. attin £1 
SMALL DC MOTORS 2 to 6 volt 

18 x. 18 TÜrpmeo bee pa ae avi ws 3/£1 
MIN GLASS NEONS .............. 10/£1 
RELAY 5v 2 pole changeover looks like RS 
355-741 marked STC 47WBOST...... 2/f1 


OMRON RELAY 3.6 volt coil 2p c/o contacts 
marked GAD-287P-BT2 AVAILABLE .. 2/f1 
MINIATURE CO-AX FREE PLUG 


RS Sy da a aaa 2/£1 
MINIATURE CO-AX FREE SKT 
NE 4B 27I unns 2/£1.50 


VN10LM 60v 1/2A 5ohm TO-92 mosfet 
mc HEN 4/£1.00 100/£20 
STRAIN GAUGES Foil type polyester 
backed balco grid alloy 40 OHMS £1.50 ea 
10 + /£1.00 
12V RELAY 2 pole GA contacts ..... £1.25 
DIL REED RELAY 2 POLE n/o 
BPE = cumealcuacraktmkRO cott £1 
Zettler 24v 2p c/o relay 30 x 20 x 12mm sim. 
RS 348-019 ou less, £1.50 100 + £1 
ELECTRET MICROPHONE INSERT .. £0.90 
MODEM LINE TRANSFORMER . £1.50 1K/ 
50p 
Linear Hall effect IC Micro Switch no 613 SS4 
sim RS 304-267........ £2.50 100 + £1.50 
OSCILLOSCOPE PROBE SWITCHED X1 
BEN eS a ee ee ee £10 
CHEAP PHONO PLUGS . 100/£2 1000/£18 
1 pole 12 way rotary switch ......... 4/f£1 


AUDIO ICS LM380 LM386........ each £1 
555 Timer .... 5/£1 741 Op Amp .... 5/£1 
COAX PLUGS nice ones ............ 4/f1 
4 x 4 MEMBRANE KEYBOARD .... £1.50 
15.000uF 40V SPRAGUE 36D ....... £2.50 

<£1.25> 
INDUCTOR 20unH 1.5A.............. 5/£1 
NEW BT PLUG + LEAD ........... £1.50 
1.25" PANEL FUSEHOLDERS ....... 5/£1 


MAINS ROCKER SWITCHES SPST 6A 5/f1 
CHROMED HINGES 14.5 x 1” OPEN 


Sob ur aude ee E het Arar Jay each £1 
TOK KEY SWITCH 2 POLE 3 KEYS ideal for 
car/home alarms ..................... £3 
12v 1.2W small wire ended lamps fit AUDI 
VW TRI SAAB VOLVO............ 10/£1 
12V MES LAMPS x usc ee E bu Ge 10/£1 
STEREO CASSETTE HEAD ........... £2 


MONO CASS.HEAD £1 ERASE HEAD 50p 
THERMAL CUT OUTS 50 77 85 120?C £1 ea 
THERMAL FUSE 121°C 240V 15A.... 5/£1 
TRANSISTOR MOUNTING PADS 


TO-5/T0O-18 Lus sts hk bes £3/1000 
TO-3 TRANSISTOR COVERS....... 10/£1 
STICK ON CABINET FEET ......... 30/£1 
PCB PINS FIT 0.1” VERO......... 200/£1 
TO-220 micas + bushes 10/50p ... 1007£2 
TO-3 micas t bushes ............. 20/£1 
kynar wire wrapping wire.......... 202/£1 
PTFE min screened cable......... 10m/£1 
Large heat shrink sleeving pack ........ £2 
CERAMIC FILTERS 6M/9M/10.7M.... 50p 

100/£20 
.LOKIN MAINS RFI FILTER 250v 15A... £3 
IEC chassis plug rfi filter 10A .......... £3 


Potentiometers short spindles 
values 2k5 10k 25k 1M 2M5 new value 5/£1 
500k lin 500k log. 232 bate 4/£1 
40Khz ULTRASONIC TRANSDUCERS EX- 
EQPT NO DATA acea iere Be then ph sd B £1/pr 
PLESSEY INVERTER TRANSFORMER 11.5- 
0-11.5V to 240v 200VA ........... £6 (£3) 
LARGE QTY AVAILABLE. 


DIODES AND RECTIFIERS 


TINTS S o LL baie e eeERE SEE 100/£1.50 
1N4004/SD4 1A 300V ............ 100/£3 
1N5401 3A 100V .................. 10/£1 
BA157 1A 400V fast recovery ...... 100/£3 
BA159 1A 1000V fast recovery..... 100/£4 
120V 35A STUD e e win orate Bla Saw ale 65p 
12A 400V small stud ..... 4/£1.50 100/£25 
BY127 1200V 1.24 ................ 10/£1 
BY254 BOOV 3A aka ee o aa ees B/£1 
BY255 1300V 3A oi rue ES 6/£1 
1A 800V BRIDGE RECTIFIER ........ 4/£1 
4A 100V BRIDGE aaa aoaaa pen 3/£1 
6A 100V BRIDGE rhe ea TA hee 2/f£1 
10A 200V BRIDGES re £1.50 
25A 200V BRIDGE £2............. 10/£18 
25A 400V BRIDGE £2.50 .......... 10/£22 
SCRS 

2PAM equiv C106D....... 3/£1 100/ £20.00 
MCR72-6 10A 600V SCR .............. t1 
35A 600V STUD SCR................. £2 
TICV106D 800mA 400V SCR 3/f£1 100/£15 
MEU21 PROG. UNIJUNCTION....... 3/£1 
TRIACS 

DINË Sn rn Ad ON E bee 25p 


NEC Triac ACOBF 600V TO220 
TR MC FECE TE Sie cscs 5/£2 100/£30 
NEC Triac 150L Tab TO220 6A 400V . 2/£1 
TXAL225 BA 400V SMA GATE....... 2/£1 
100/£35 
TRAL 2230D 30A 400V isolated stud ea. £4 
ACOVBFGM 800mA 400v TO92 TRIAC 3/£1 
DINË S ov Fhe Rds SË ie te M uS OI prë done 4/£1 


CONNECTORS 
CENTRONICS 36 WAY IDC PLUG 
—— Tom £4 10-- /£3.50 


CENTRONICS 36 WAY IDC SKT .... £4.00 
CENTRONICS 36 WAY PLUG SOLDER 
T PEE acer zbiieHhRfÍoc es £4 


USED Centronics 36 way plug + socket £3 
USED D CONNECTORS price per pair 

D9 £1, D15 £1.50, D25 £2, D37 £2, 

D50 £3.50 covers 50p ea. 


WIRE WOUND RESISTORS 


W21 or sim 2.5V — 10 of one value ... £1 
R10, R15, R22, 2RO, 2R7, 3R9, AR7, SRO, 
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5R6, 8R2, 10R, 12R, 15R, 18R, 20R, 22R, 
27R, 33R, 36R, 47R, 56R, 62R, 91R, 100R, 
120R, 180R, 220R, 390R, 430R, 470R, 
560R, 680R, 820R, 1K2, 1K5, 1K8, 2K7, 
3KO, 3K3, 5KO, 10K. 

RO5 (50 millitohm) 196 3w ........ 4 for £1 
W22 or sim 6VV — 7 of one value ...... £1 
R22, R47, R62, R82, 1RO, 1R5, 1R8, 3R3, 
6R8, 9R1, 10R, 12R, 20R, 24R, 27R, 33R, 
47R, 51R, 56R, 62R, 100R, 120R, 180R, 
220R, 390R, 560R, 620R, 910R, 1KO, 1K2, 
1K8, 2K2, 2K7, 3K3, 3K9, AK7, 8K2, 10K, 
16K, 20K. 

W23 or sim SW — 6 of one value ...... £1 
R22, R47, 1RO, 1R1, 3RO, 15R, 56R, 62R, 
120R, 180R, 220R, 1KO, 1K5, 5K1, 10K. 
W24 or sim 12VV — 4 of one value..... £1 
R50, 1RO, 2RO, 6R8, 9R1, 10R, 22R, 47R. 
68R, 75R, 82R, 100R, 150R, 180R, 200R, 
220R, 270R, 400R, 620R, 1KO, 10K, 15K. 


PHOTO DEVICES 
SLOTTED OPTO-SWITCH OPCOA 


E DE £1.30 
QUOTE esac, ot oie ay e KUTI E 50p 
TIL81 PHOTO TRANSISTOR .......... £1 
TIL38 INFRA RED LED ............. 5/£1 
OPI2252 OPTO ISOLATOR ..... ..... 50p 
PHOTO DIODE 50p........... . 6/ £2 
MEL12 (PHOTO DARLINGTON BASE 

E E E 50p 
RPY58A LDR 50p ORP12 LDR........ 70p 
LEDs RED 3 or 5mm 12/£1........ 100. F6 


LEDs GREEN OR YELLOW 10/£1 1007£6.50 
FLASHING RED OR GREEN LED 5mm 
o Aaa E E dude eR er ened pds, dig 50p 100/£35 


SUB MIN PRESETS HORIZONTAL 
15/£1 100/£5 

1K 4K7 10K 22K 47K 1M 10M 

MULTI TURN PRESETS ua” 


TOR 20R 100R 200R 500R 2K 5K 10K 22K 50K 
TOOK 200K 


2K2 2K5 47K BOOK 2M2.. ace na mas esi 50 p 
SOLID STATE RELAYS NEW 

10A 250V 

Zero voltage switching Control voltage 
B-2BUde xe ss nn b ex ee pi au Nets £2.50 
40A 250V AC. ei bGG EEG Bete oes £18 


POLYESTER/POLYCARB CAPS 
1n/3n3/5n6/8n2/10n 1% 63v 10mm 100/£6 
10n/15n/22n/33n/47n/68n 


LO rad oes Petra 100/ £3.50 
100n 250v radial 10mm............ 100/£3 
2502 160v rad 27M .... ww ee. 100/£10 
10n/33n/47n 250v ac x rated 15mm  10/£1 
470n 250v ac x rated red........... 4/£1 
1U 600V MIXED DIELECTRIC...... 50p ea 
MONOLITHIC CERAMIC 
CAPACITORS 
100n 50v 2.5mm or 5mm ... 100/£6 1k/£40 
100n ax short leads.........,...... 100/£3 
10n 50v dil package 0.3" rad ...... £4/100 
£35/ 1000 
100n 50v dil package 0.3” rad .... £10/100 
BEAD TANTALUM CAPS 
8 25V 47u 3V C PCR .. 12/£1 100/£6 
212 DOW. Lu ua e aa A ës 8/£1 100/£8 
TRIMMER CAPACITORS 
Sh all types 5/50p 


GREY 1.5 to 6.5 pF 
grey larger type 2 to 25 pF 
purple 3pF to SOpF 


BEAD THERMISTORS 


GLASS BEAD NTC Res at 20'c....... 80p 
250R, 1K2, 50K, 220K, 1M4 
IC SOCKETS 
G Dilan tau OS BUN OOS KET Faas 15/£1 
8 DING sosta s ete euo i-e s 12/£1 
TET DEI se toes ande SAC BE COUPES 10/£1 
18/20 DID iaa Cua Ao gates esee d 7/£1, 
22/24/28 pin... got web Sr S. tes 4/£1 
AO BIA 45 go Gan Sue cote ohh Be qu iode 30p 
STEPPER MOTORS 4 PHASE 2 9V 
WINDINGS deep REPE Së në £3.50 10/£30 


SHOP NOW CLOSED — MAIL ORDER ONLY 


KEYTRONICS 










MIN ORDER £3.00 OFFICIAL ORDERS WELCOME 
UNIVERSITIES COLLEGES SCHOOLS GOVT DEPARTMENTS 
P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) 











65p OTHERWISE (LIGHT ITEMS) 
MIN. ACCOUNT ORDER £10.00 


ADD 15% VAT TO TOTAL 


^ 
y d 


P.O. BOX 634, BISHOPS STORTFORD, 
HERTS. CM23 2RX. 
Telephone : 0279 505543 
ELECTRONIC COMPONENTS BOUGHT FOR CASH 
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